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AESTBACT

Ttis thesis discusses the cgoudification c¢f ar existing
Cptimal Systems Conttcl FORIRAN Program (OPTSY¥S) <crigizally
cbtaired frem Frofesser Artaur E. Bryscn oI Staniczd
Univzrsity.

Tte mclified FORTIFAN procgram (OPTSYSX) is now éssigrned
to rur ccmpletely interactively under VH4/CMS on the Icd 33633
ard is considered ccompletely c¢cmpatible with similar cpsz-
ating systers.

Frogram capabilities dinclude: complete eigeansysten
analysis; the abkility to perform coaputations on very lazgs
pultivariaktle systems; contrcller, filter, regulatcr arnd
ccmpersater synthesis; <tr-ansfer function aralysis; steady-
state gain ceterginaticn; ard wcdal analysis.

Tke rrcgram rermits users to -azpidly carry out sirsula-
tion, analysis, &and ¢fesign ¢f all classes cf Optimal Systenms
Ccntrcl prcklems ip a totally interactive mode. Examples of
varicus types of prcilems are wecrked out during individual
termiral secssions.
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state (Ns,Ns) or cutgut (No,Nc) weighiing rarrix
centrol (N¥¢,Nc¢) weigh+ing matrix

ccntrol gair ma=wrix (Hc,Ns)

ccntrol (Nc,Nc) or neise (No,Ng) feedforward
patrix

€xpacted value

cgen-lcop dynamics matrix (¥s,Ns)

ccntrol distributicn matzix (Ns,Nc)

state disturbance distribution matrix (Ns,Ng)
measurement scaling ratrix (Neo,Ns)

estima*tor cain matrix (ds,Nob)

cumber of cc¢ntrols

rumber of rrccess ncise sources

rimber of statas

runber of clservaticns or measuremeats
ccvarianca matrix of es+imate szrror (Ns,Ns)
wkite process noise covariance matrix (Ng,Ng)
white meas. noise covariance mairix (No,No)
steady-state covariarce matrix of ccntrel (dc,N¢)
ccatrcl vactor (Nec, 1)

wtite zeasurement ncise vector (No,1), with
zero mean ard covariaace matrix R

white fprocess ncise vector (Ng,1), with

zero masan ard covariance matrix Q

ccnstant disturbance vector (Nyg, 1)

state vectcer (Ns,1)

estimate of state vector (Ns,1)

cutput/meacsuremsnt vecter (¥No,1)
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I. INIRCLUCTION

T es W e A s s s i o

The purgocse ¢f tlis thesisz 1= to describ:s the zxtersivs
godificaticn and imprcvemsnt of an existing FORTRAN prcgram
(CPTSYS) wused in tte study, design, &nd a t
Cptiral Systems Contrcl thecry.

Ttis cgtimal systens controli progra: was corigdinally
develcped by dall [FBef. 1] in 1371 o0 =support his rsses
in zctary-wing VIOL eircraft control systems. The latest
frograns mcdifications were made by Walker {Ref. 2] ard Liu
{Ref. 3] ¢f stanford University, to OPTSYS 4 and CETSYS S
raspectively. These progranm versions perfcrmed quite sa+is-
factcrily in the batch envircrment, but exhibited vacrying
degrees c¢f user hostility due <to data irnput format require-
gents ard incomplete rrogram dccumsntation.

Tte criginal intert of this work was to adapt Walk=sz's
gcdified version of CETSYS 4o run in<aractively under V¥/CMS
¢n *he IEM 3033; hcewever, +the extensive mcdificaticns of
CPTSYISX rcw ra2present a hnhigh-level interactive applica*icas
softvare system capakle of irtegrated simulation, analysis,
synthesis ard dssign of broad classes of optimal systems
contr¢l rprceblems. With OPTISYSX wusers wmay now =svaluate
varicvs specialized cptimal systems control applicatiors,
relieved of +he FEturden of lsngthy =mathematical Ffrcgram
develcpment.

I+ is assumed that the reader/user is familiar wsith the
kasic ccncepts of Ccrtrol Theory and Optimal Systems Design.
The prctier descripticns and grogram development f£cllow the
terminclcgy and symbol/naming coaventions of Brysor
[Ref. 4].

Ar explanaticn <¢f the tasic system of 2agquations, the
terms and symbolcqgy tveed, and a program overviewv including
*the general methcds ¢f soluticn arz presented first.

9




Irterac=ive

az axrlaraticn

da=a inzut,

Ihis w=crIk
problens dercastrateé in the int
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IT. THE QPTSYSX COMPUTER PROGRAN

3. INTIECDUCTION

CFiIS1SX is a double-precision FORTRAN progrea exclcying
modeIn centrel theory analysis <technigu:zs. Althcugh <the
prograp eas originally writt=u TG syataes>ize conticlliers £

o
rotary-wing VTOL aircraft [ Bef. 5], it nas bssn ex*z=zsively

z0dified +*tc¢ ernsble ccentrceclier, tilztez, and regulastc
synthesis as well as transfer funcz-ioa z2nd modzl analysis or
cther tyres of large, multi-variable systems cf equatiorns.

The prcgrar modifications described iz this work rncw allcw
rapid rumerical coaputer analysis in a completely interac-
tive pmode.

E. SYSTEM/YODEL DESCFIPTION

CETISYSX treats a linear staticracy systea amod=l:

X =[PXx + {GJu + [GAMMA]W (2. 1)

cutput equatiorn

Yy =(H}x + (D]u (2.2) 3
measurconent equation i
2 ={Hx ¢# [Dljw + v (2.3) 1

where
ccntrecl vector (m X 1)
v = wkite peasvrement ncise vecter (p X 1)

L R et el
[~3
[]

s = white process noise vector (9 X 1)
X = state vectcr (n X 1)

11
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{GAMMA] is +he process noise€ distribution matzIix

geasurenent distribution matrix; and and { D] may zspresezt a
feed-forwaré distribetion matzix cf 2ither the process roiss
vectcI (W), or the ccrtrcl vector (u).

Thke w vecrtor hé&s zero mean vaiua, and a ccvaziarce
satrix {C], where:

Ew) =0 (2.4)

{C) = E{ww'; (2.5)

Tte v vector has zeroc mean value and a covariance ratrix
{R], where:

E(v) =0 (2.6)
and
(6] = E(vv"; (2.7)

Tte cuadratic perfcrmance (or cost) index for the linear
guadradic regulator is the expected value cf:

J = 1/%/}yf[h]y + uT(BJu}dt (2.8)

in the statistical steady-state, where [(A] represents an
cutput ccst wmatrix (a weighting on the output variables):
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C. EECGFAM OUTPUT
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Thzs initial gpertion of CETSYSX cu*tpu“ includes *h:
frograr flcw ccntrol flags st by theée user icr tiaat pacr
ular run, <the syster of equaticmns beir mcdeled, and the
cpen-lccp eigenvalue 2nd eigenvector caiculartions of ¢k

matrix.
2. BEegulator Syrzhesd

in the soluticn to the ¢ptimal <zTegulater prctliea,
-

full sta*e variatle feedback is assumed where:

(el = (B71[cTIs) (2.9)
and

u = ~-[{Clx (2. 10)

Tke control <cain [C] is a matrix c¢f optimal gains
shich sirimize +the ccst index expressed in equation (2.8).

Fcr optimal 1=regulator syathesis prcblems, gpregram
cutput ircludes the closed-locp eigenvalues and eigervec-
tors; the ccntrol gain {C]: the closed-loop dynamics matrix
[F~GC]; ané the steady-state gain matrix (S], where (S] is
the steady-state solction to the algebraic Riccati equaticn:

S(F; + [F1s - s[e)(e™[6s + [HILAJ(H] =0 (2. 11)

13
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A ¥alzman filter cr Estima=or which descritez oz

n

ccntinucts time systeénm may te writzen as:

= (Flx + (Klz - (B]X) (2.12)

®2

A
x is the state estimate
[K] is a we.rix of filter gaias,

and tle state covariarce is described by:
r AAT -
E(xx } = E{xx ) + (F: (2.13)

The filter «c2in matrix (K] of equation (2.12) is
cbtaiped frcm the relationshir:

(k)= ()08 &") (2. 14)

where ([F) is +the steady-stats solution to the algetraic
Ficcati equatiorn:

FIF + P(F] - PLER[R J(HJE + (G)[Q)(G] = 0 (2. 15)
representing “he errcr covariance of the estimate z. The
centrcl ccvariance is the expected value described by:

E(ua’) = [C X[C"] (2. 16)

For the Kalwman <filter/optimal estimator synttesis
problem, CETSYSX output includes the eigenvalues arpd eigen-
vectcrs c¢f the optimal estimator (Kalman filter):; the filter
gains [K_; the error covariance matrix [P); the covariazce

PR Y
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and tle ccntrol covariance matrix [U] describs
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4. taticnazry Cicsed-Legr Calcuiations

COTD b e, - . A - - — o - -

tn

The staticnazy <resgpcnse ¢f both state acd c¢cnricl
arte presented as roct-mean-square values of the state and
ccntrcl covariance ratrices{X]) and [U) described in squa-
tions (2.17) and (2.1€) resgpectivaly.

L. SCIUTICN ALGCRITEE

Cne cf *he fundamental techniques necessary to quedratic
synthesis c¢f op*imal control systams 1is the steady-state
solu+icn of *hke algetraic Riccati eguazioa. This is a nca-
trivial task due to the iterativa natuce of thz solutiorn.

Tke steady-state soluticon by any quadrature method
necessitates time ircrement selection no greater than scme
fracticn cf the shortest period of tha closed-loop systen;
imposing a significarnt computer solution time expenditure con
the user as well as the requiring an extensive agcunt of
computer s*orags capakility dJue to <he matrix expansion
fact¢r invclved. Ferther, the possible necessity ¢f a
time~-varying solution of these eguations fcr optimal cgen
loor «ccrtrcl or estiration requires +the inversionm ¢f an
n X n matrix for eactk time increment where an unsteady solu-
tion is decsired.

4 powerful and efficient alterpate methcd <c¢f sclutien
was develcped by Bryscn ard Hall [Ref. 7], tased cn eigen~
vectcr dJdeccmpositior of the sigensystem of the constant
coefficient EULER-LAGFANGE eguations.

15




Fcr the optimal requliatcr, these sguations take <th=
Scrm:
L] " .
X = 3 s a™G X
[ ]
N = A -FT A
Fcr ttke optimel filter or estimator, <*h:s eguaticns ar:
¢t the Icrm:
y T
b4 = r Gan*Q2*Gan X
-
Nlo= B R -FT A\
CEISiISX, and all earlier program versicns, Uus€ the
pethcd ¢f ecigenvectcr decomposition orf the EOUOLER-LAGFANGE

€quaticns descrited
contrcl systems.

in (Ref. 7] for quadratic
Prcgram caiculatioans are

synthesis c¢f
basz2d c¢n th2 QR

algcrithms c¢£f PFrancis, mcdified by Wilkinson (Ref. 8].
Impcrtarnt features «c¢i this rmethecd of eigensystem analysis
are its imgroved acciracy, ard i<s ins-nsitivity +¢c widely

separate eigernvalues.

A pcre detailed descriptior of
numerical applicatiors to eigensystenm

in [Ref. 8].

E. EEOGEAM OVERVIEW

CETISYSX and its

three Lasic categories:

41 subrcutines

the QR algorithm ard its
analysis may te fcund

may be divided 4into

1) setup ard comgutaticn segquencirng

% 2) data ingut
3) calculaticn

3 rrief and general descripticn of the

and subrcutines suppcrting these
this secticn.

program acdules
basi¢c categories ccrcludes




2 MAIN pregraz allcws intszractivas 3

w cen4rel flags, and is aided by +hz:z: zuaizcu-
tines : GSLFEAL, RDINI, and RDCHAa. A detailed ézscrifpzicn
¢f thess sciroutinses is provided in Chaptsr 1II. 4

3
CHECK verifies the <ccnsistency of all regusstesd [

Interactive cata input is perrormed by the 14 REAL__
subroutines. A deteiled description <¢f the ofperatics of
these stircuttines is also included in Chapter III. Iaternal
data gereration or external data icpucr L= prevideé by
subrcctire SETUP.

3. Calculation fedquancing

Sukroutine INNER furctions as a second MAIN prccram.
I- orders tle data irputs/calculation ssquences for the 4ype
cf prctlenm teing solved and gerforms numerous ma*rix calcu-
laticros. I+ is frcm +this subrcutine <chat all input and
calculaticr sequences are ordsred and performed.

4. B 2lgorithm Irapsfcrmaticn

Stbroutines MINV, BALANC, ORTHES, ORTRAN, HCH, HQE2,
EALBAK, CNCRHM, and EREXIT rperform the rajor calculatien
sz=querces cf the "QR"™ algoriths.

S. Bigcati Equation Calculations

Sukroutine FGAIN =separatas the eigenvalues and
eigervectcrs of the Euler-Lagrange equations by eigenvector
deccrpcsiticn. RGAIN and subroutine SCOV calculate the
steady-state soluticr c¢f +tie Riccati eguations £fcr the

ccntrcller ¢r estuimatcr protlenm. Subroutine SCOV computes

”»
antr .




the <ccvariznce matriz soluticn <¢  tae alg<braiz Ticz==
equaticn.

6. ¥odz2l calculaiicas

sukroutine MCLE corputes the modal transfozzstica

n

required fcr modal aralysis.

7. Irapsfar Eupnction Calculztions

Sutroutines 1F, EOLES, ZEKOS, RESID, AcCOd:, CcCOupP,
ECR, ané Functica SCI péeziorn transfer functicn ccemputaticns
asscciated with Modal czlculation sequences. Sutroutine
ESDCAI cemputes the pcwer spectral dersity cf the cutputs oz

ccnticls ¢f a centrolled systen.
€. [Latg Qutrut

Sctroutine RAERNT prints all program calcula+icrs in

! cbject time format. Subroutine MATERT allows variakle
format screzn viewing of all interactive matrix data irngpuc<.

LY
¥
»
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d. LESIGR CONSICERATICHES

Cvrirg the develcgment cf CPTSYSX, all prograz mcdifica-
é

io né

n
[\

additions were fccused prisaciiy tcéarid lut=lac-

(4

[ . -

+

iv vser operatior. Experience kas demcnstrated tha=+
izteractive coaputer ccamunicaticn cif=zs many advantages iz
the researcl and precllem solving environment. The cppertu-
nity fcr flexible and immediate computer communicaticn, as
welil as the ability to sa2lect alternate soluticn methods,
are significant advartages tc the user; advantages which are
vnavailakle in a batct processing envircrmenc.

Altbcugk previous varsions of OPTSYS produced all the
desired calculations in the Latca environment, +h2 input
format 2and data <sequencing and naming coaventicrs wers
confusing *¢c many users. The user was buriz2ned with ths
rscessity cf verifying the correctness of input data fcrzas
and prcgrax flow contrcl flag settings for each program run,
in c¢rdsr tc ensure the desirsd caicula+ion sequence was
groperly performed.

These requirements, cc¢abined with inccmplete rprcgran
documenteticn, r[promcted a lack ci confidence in the results
ard éiscciraged many potential users from evern attemptirg to
us2 CEISYiS.

E. EECGFAR LANGUAGE

CETISYSX is progremmed in FORTRAN IV, follcwing the
conventicns of IEM System/360,/370 FORTRAN IV language. Very
few prcgran features tave leen been incorpcrated which are
¢t writter in ANSI Stapdard FCRTEAN. These subtle differ-
eaces notvwithstandice, OPISYSX has been coaopiled and run

1s

prpyTevas

e e B Tt 4nn




et - ania. sl 1.

—

under tcth FORTIRAN IV (G1) and FORTRAN & (Zxterndzd)
mpilezs cn  thz Ibd¥ 3033, altheough <as  overmell fooliaa

s ir excess ¢f 2800 1lirzs

ly portakle ticm one cgerazing system to &

the presympticn that post scientific ard resea:z

perscnnel are familiar with FORTRAN language, program rodi-

ficaticns mey be easily undertaker ozca system 2peratica is

vxdszescci.

C. GENERAL FROGEFAM MECLCIFICATICNS

411 ¢f +the previcusly develcped numerical calcualatiorn
sequerces cf OPTSYIS were retained un-modified ir OPTSYSX.

These programw seéquences reguiring the input cf£ diagornal
ccst ¢r ccvariance matrix elements were dele%ed or wmodified
to dimpreva user flexibility in entering arny desired
w2ighting matrix, diagonal or ctherwisa. This modification
s+~reaslined program creraticn thrcugh 21limination c¢f szveral
grograz flcs control flags; reducad a measura of user urcer-
tainty; anc¢ further decreassd the raguirzd degree <¢£ user
progrdr fagiliarity--rromoting uninterrupted cperatica.

Tbke FEAL suktroutines repreésenc variazticns orn th2 grin-
ciple cf simple, =effective wethods of irteractive irpue,
coupled sith errcr~-ccrrecticn/recovery sequences,

Sukrcutines GDCHAE, RDINT, &and RDREAL weze davelcped by :
the acther and Cdr. P.D. Sullivan to accomodate varying
input fcrmat requiresents; null-string entry protecticn was
devalcped by Cdr. P.L. Sullivan. Thesa program features are
discussed in greatetv detail later in *this charter.
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L. INIEGACTIIVE FROGFAM DEVELCEMENT
1. Ezcgzap Eigw Ccnizel

Iritial procram develcpnent requized an url:rc-

standirc¢ c¢f the wvaricus prctlem descriptions zs W

10

11 as
frograg ingut and calculaticn sequence. After careful anal-
ysis cf (Ref. 2], a Lasic p[pregram flow ccernticl diagran was
€statlisted. From this f£lcw «ccntrsol daiagran, a 1¢gical
kranching network was formula%ed whos2 ©pa*h cculd ke deter-

pined thrcugh either tirary logic or num=ricai salecticrm.
; Thrzee basic tranching categcries were estakblisted
from the various protlem description statements:
Logical--=====~{"Yes*" cr "No"..}
Integer-==wacea (N6 1248 otc. ..}
Real Nugker~---{"Inpfut the value of...}
Freo the viewpcint cf free-format ccmputer ccmmuni-
caticr, integer and real number Zanput presented no sigrifi-

E cant grclilerns, FOFIRAY ccagpiler lacjuage is written such
. that onurerical data input (rzal rumber or integer) is
E €éxpected, therelky 1&quiring crly an INTEGER or : REAL data
:5 ‘ type statement withir the prograx. Once the data type has
i teen declared, +the desired values may then te input witlk a
E free-fcrmat READ (5,%*) statenmernt.

Cne note of caution ccncerning numerical data input
in free-format dJdeserves menticning: Although all FCEFTERAN
| compilers treat character string iaput &s an illiegal data
type ccaversion, wmary will avtomatically ccrnvert the inad-
vertent character entry to a "zero" and continue e€xecuticn. y

Erotecticn against dpnadvertent erzcrs of <this type is
discuesed later in this chafpter.

Lecgical input ("Yes"™ cr "No") poses a unigue prchlenm
to FIcgrammexs. The usual method of iacerporaticn is to
require tle user tc convert the 1lcgical answer intc an
integer i.e., "Yes® = 1, WNg®" = 2, These integers may then
te r¢ad éirectly intc the program, deteramining program flcw.

<1




dlttough this a@methed may promcte Eregra

3
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1
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1
n
w
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it reguizes the vser tc a&adopt &L unparurzl TiLc

tatterp--cne Whica ircceaseés the possibili-=y orf &oacozal

EocsIer tcrzinz<icn ip thz cvnnt £f Inzdvartart uner crnern
2 mcre refired (frcs @ programming language stard-
fciat) ard ergonomic¢ (from the user viewpciat) rethed of

lcgical selection invelves utilization of thz ern+tire charz-
acter string answer &£ ap input value. This methcecd has fresr
ipccrgczated intc OFTISYSK.

Tte logical strings (M"Yes" and "No)} are declzred as
charactsr strings in a data type statement witkir <he
Frogrés ¢r subprcgrar. A fcrmat statement is alsc included
in thke frcgram or suvbprogram wutilizing the "ar-field <o
specify tite desired craracter fieid width. A REWIND sta=ze-
gent is tker inccrporated in the specific program ¢r sutpre-
gras igmediately pricr to each lcgical string input peint.
lhis BEWIND statement allows the input device (the tsrminal
scréen in +his case) <o read the charactsr strirg in the
same panrer as free-fcrmat da+ta input. The character £field
width fcr thris mcdificaticn was established a*t A1, allcwing
strearlired operavicr with the wuser typing either "Y" or
"Yes" fcr agp affirmative reply; "“NY or "No" for a negative
reply.

-~

2. Geperal Input Seguencing Reguirements

All data diaput to OFISYSX is in matrix or vector
format. This data input must be corre¢lated in acccrdance
with the prcblem description and <then properly sequenced in
crder fcr tle prcgran to perfcrm the dasired calculaticns.

The original and mcdified OPTSYS programs [Ref. 2)
and [Fef. 3] required not only problem descriptior knowladge
tut ccomplete user faagiliarity with the detailed calculaticen
sequerce cf the frogranm. The latter point was considered 2
eignificent disadvantage. Elimination of this disadvantage




was &r are€a where interactive prograaming offzz=3 ks

G-€ate€st caenefts tCc <hs po<ential user; ains it wis tlwezTol
this erd <+iatr *is resaining wmcdificaticns of G2TIiid waz:
directzd.

In its calculaticn seguences, OPTSYSX regquires <tin:z
inpu* c¢ci up tc "4 urigus matricées oI vsctors. fic The
frevicusly described program flow control diagram was
cons+ruc*t:d, data entry pcints for <cach ra*rix cr vector
wers established. At sach <¢f the 16 program da*a entry
points, the requireé input matrix or vecter was deterainzd.
Fcurteer irzput subrcutines ware added tc <the «criginal
rrogram in crder to accomodate interactive data entry.

Ttese matrix input subrcutines were written such
that tbke wuser is first informed which specific wmatriz oz
vector is required; then precmpted for the individual matrix
e€lemert values. Thes2 wvaluss are then individually and
sequentizlly eatered from the tsrminzl. Once the matrix or
vectcr is filled, it is returned %o the terminal screan fer
user verification ané correcticn if necessary.

Interactive segquertial data entry wvwas precgracr<d by
reans ¢f a two~-dimensicpnal IC 1locp, with a terminal prowp:
¢f *ke matrix name ané elemsnt pcsiticn prior to the z2lzment
vaiue entry. Data element input is via a free-format READ
t5,*) prcgram statemert.

Cnce +the matrix data entry sequence is ccmplets,
L +rat input matrix is returned +to the <+terminal screer in
: variakle fcrmat for user ease in row identificaticn. With
. an artitrary data field width cf 12 characters, the maximunm
7 : ruaker of matrix elesents available on an 80 column termiral
screen is six. FProviced the matrix column dimensicr is less
thar €ix, this restriction presentesd no programming fcrrma:
limitaticns.




- it

Fcr those matrices whcse columr dimsnsicn 3xcsezded
£1x, €lzzents were grogressively written ¢ Cilzaitiinc
terminal liges. Oncée the ma*rix row is £illed =~he scz:oo A
¢cukble-sraced, and eleaznt display is repeatec 1 =a% sare
fashicn, his aetlcd ailicws the uss:r =¢ visw =iz z=2-rix
guch as te %would expect to see iz, providing =nie zdvan-ajs
¢f ease in row ard cclumn identification.

hithin CETS1SX, subrcutine HATPRT pecifcras  <ihis
verzatle-fcrmat prirt s&Jusncs. Tae print sequance was
arbitzrarily terminated with a mat-izx s3ize of 16 X 16,

prasuming that users with larger systsas of 3z4uszilng woull
select altsrnate forgs of data input.

4. $auying Iptszactive Inpu:

In most conticl systan desiygn problems, +he systen
matriceés gezerally tTemain relatively unchanged for a dzsired
seguerce cf design calculiatiorns.

In order tc¢ reliieve +the us2r o0f thz buzd=n of
zepeated system entry in th2 interactive mode, sevszrel aigi-
tional grcgram ifiow ccntrol £lsgs wers added, allcwing th2
cpticr c¢f saving the entire «c¢riginal system of matrices for

subsequznt calculaticrs. Separate opticns for saving <ach
syster matrix are atvtcmatically cfferzd at the end of each
FTOogram run.

Ttese matrix savirg options provide a further aévan-
tage to the user in that the matrices ars redisgplayed fcr
verificaticn pricr tc calculaticn execution. Users may then
change individual matrix elemerts, relieved of the burden of

fyll system re-entry.

- 5. User-Defined Ipput File

2lthough <the tasic ockjective of this werk is <o
provide the user with a totally interactive methoi ¢f data
input, several disacvantages tc the methcd of individual

itn
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petrix e€lement inpput are aprarent--icput o¢f wvery 13Ig3
1

gatrices is udnwisldy end time-consuziags input ©f syctzisz of
b

[ I -]

patricez whese elsmacts remain unchanged £
inefficisrt.

Irn crder tc frevide an increased @zasure cf  USEer
fiexitility in data input, subroutine SETUP was modified to
irclude previsiors fc¢r matrix ¢ata input from & datz file c¢n
the user's disk. The three systzm mastrices, ([F1,[5), earnd
[GAMMA] may pow be input frcm <the usex's disk. ¥izo:z
frograr gcdification is reguired of ti2 user as follcws:

a. FRICMS Filed=2f ccmmands must be modified c:
added tc reflect the name and lccaticn cf
each data sst.

k. The REAL Format statement (cr statemernts) mtist
be charged to reflect the prcper data format
of the vser's ingput file,

6. Iptsrnal Date Geneza

[+
3
m
=]
ot

As a further acasures ¢f flexibili:zy, the doc a-
tion witkin subrcutire SETUF was 2xpanded to include several
sp2cific examples of internal marrix daza generaticn. The
toree syster matrices [F)], (G2, and [(GAMMA] may genzrated
€ither within wuser-written twc-dimeasicnzl DO-locps or by
dirsct assignment statements. These methods may be prefer-
able fcr the input of very 1large matrices with few ncn-zaro
€lemerts.

D specific example ¢f internal program generaticn of
the crtrrt equation [H] matrix is dincluded in sutroutine
BEACE. This amatrix irput methkcd may be preferable for the
entry ¢ a large outprut equation matrix with vary few ncn-
2€rc €legents.

Cace these 1scdificaticns nave k2=n made +to sutrcu-
tine SETIUZ or subrovtin2z READE (as desiced), the pregran
should Lte re-comgilec and tken run ir *he usual manner. Az

N
o,n




th

ided a= the beginniza ¢

v
IpTion 9% SpeciijLng .a:

CETIYRY was zuzwliz Lo lifil owoounziaioo o ornli
*o inpu+ the ([H] matrix (or cthe zz2guired inpu- 2mTIic:s)
trom ssrazate data files. Users with rudimentary prcecgram-
Bing s«kilis may acow gcdily sutroutine REALH (¢ cne of the
cther specific BREAD subrcutines) in the @manner prsvicusly
d2scrited fer subrcuzire SETUP oz subroutin REACH.
Letailed examples of the rnature aad extent ¢f thzge mciifi-

caticrs may bs fcurnd in Appendix A.

7. Lata Entry Cerrecticn

In 2n effort to prctect users from ercors in data
irpu%, &n ecror correction sequeace was incorpcrated imto
€ach gatrix input sulroutine.

Cnce *he entize matrix ¢r vector is Jdisplayed c¢n *he
tzrmiral sczie2n *he vser is prompted with ths qussticrn,"Cc
you wish t¢ change tle vdlus cf zny datrix cls
'Ya2s?' ¢r *Nc'."™ If the wus Y
corntirues.

Ji the user types "Yes"®, he is then promptsd with
thrze additional statements specifying tane row number of the
clemert tc te changec, tae cclumn snumber of the elsment to
ks ctanced, and <+he value *o0 be insertzd into that matrix

€lement. After the correctsd value is entezed, the rnew
tria values are returned +0 +he sScreen foz
re-verification.

This correction seguernce continues indefinitely
until <+lke user signifies that 1no additicnal changes are
recessary. Program execution then proceeds ncrmally.
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E. UOSEE-EEFCR PFOTECTIION FEATURES

Yeny dizteractive ccmpuisr prograxs suffer th:  inaind
¢hazectiriz<ic £ @toozzal
reccvery!) should thre us2r 1padvartsatly
Keykocaré erniry. ixampies ¢ a
includg--entry wf a keybtcard chacact2r or charzc*iz z:zing

when the pregrart <extects a numasrical valus; entry cf =
numeraczl value wher th2 pregzar i3 expscting & characrec
string; entry ¢£ & nuli string. In crder to gfreciud=
acndrgal oregram teraination due tc  tasse types of inadver-

4 due
tent tseIr E€Irors, several prcegram p-otection features wers
rcrated intc OPIsYSK.

fhree sutroutines~--ECREAL, RDINT, RDCHAR-~-wsr
to CEFTISY¥SX in czder to ensure that <the fprogper
type is prcvided +tc the pregram. Subrouti:

*

2 A
callec¢ at ary vpcint & real nurber or zarc¢ intagsr ing
te erccurtsred; subrcutine EKLINT is called at any ¢
non-ze€rc integer infput is zIequired; =subroutine RLCHAR is
called at ary point & character string ("Yes" or "No") input
is -equired.

#ithin each ¢f these suvbroutines a null string eatry
grotecticn loop was inccrpcrated (allowing cne Treccvery);
frompting the wuser fcr the correct data type imnput, and
returning an error message in the event ar incorrect data
type is erccunterad.

Rithin scbrocvtine EDINT, improper data <*yfpe entry
was furtler protecteé by the addition of a three-way IF
ccmpariscn ¢f esntry integer magnitude. This modification
pracludes illegal (brt automatic, with some ccmpilers) data
type ccrversion errors.




These prcgram design featurss toast <the aidiitic:oal
advartace ¢ zllowirg ~rnormel progrzm zeérminataicn &t anv
FOin* in the date input prase Lty merely p-essing +the “Winwaz
ksy twsice.

2

did rrovide user errcr néessaces in the evert ¢f inconsist:ane

programr flc¢w ccntrel flags, but terminat ¢

This feature was uxndesirable frcm the st

interactive program crera*icn, and was imprcved ir QFISYSX.
Sukroutine CEECK was mcdifie tc include FETURY

stategents any time drconsistent program flow contrcl flags

are erccintered. The user is rotifisd c¢cf the type cf errer

eacoun*tered; that run termiration has occurrsd; and frcogpted

regaxding his desire +o return to <the beginning of <th2

Frogrem ¢r termipate executicr ccmpletaly.
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IV. EFQGBAM USE AND EXAMPLES

This chapter contains severai Dbasic examzcizs ¢ *h2
rumercuts types of rproblems which @ay ke solved using
CPTSY¥SX. Included with thsse examples are copies cf each

1zcczded termiznal sacssion.

(2]

Ectertial users stculd exazine carsfully “he zxazpl: o
rrograp failure found irn Section D. This example clearl

~

demonstrates <+hat urstaktle mcdes or incecrrect chcice of
certain design parareters may causs program failure (and
incorrect cutput!), even with the highly stable "Qa" algo-
rithe. It also indicates cre possible method ¢f correcting
this type cf failure Ly merely making a very small changs to
cne ¢f tle design paramsters.

A. CEEN~-LCCP EIGENSISTEE ABALYSIS

Thke <fcllowing cpen-loop eigeavalue example #was <+aken
from [Ref. S, p-669].

Exzmiration of tte follcwird program cutput shcws cpen-
lccy eigenvalues at -1, -2, and ~3. Note tha* the eigenvec-
tors ¢f the lef* and right eigenvector matrices (pa. 23)
correspcrd in cclumr fashicn tc the open~lcop eigenvalues
calcvlated immediately above them (pa. 32).

The full terminal sessicn is recorded below, with user
input iz lcuer case lsetters follcwing 2ach w?n

reccré cn

BEGIN RECCKLING CF TEFMINAL SESSION

R; T=0.01,0.02 21:49:30

filedef (6 term (recfm fa blksize 133

gloktal +xtlib fortmodZ med2eeb igsldp nenimsl
Joad crtsysx (start




EXECUTICXN EEGINS...

CETSYSX 1S A COMSLETELY INTERACTIVE OPTIMAL SYSTEAS CoBTFCL
ERCGFAZ. IT WILI SCLVEZ MUYERCUS COSTEHGL ZECELIZE o3 TEZ
FCILCSING TYSES CF SYSTEMS CCNTROL EQUATIONS:

IDOT = (F)#X + (G)*U + (GAN)* (4+40)

MEASUREXENT ECCATIION--

Z = (E)*X + (D) *W

REGULATOF PERFORMANCE INDEX--

1/2 * INTEGRAL (Yt*(A)*Y + Ut*(B) *U) DT
STATE FEELEACK GAIN DEFINITION=--
C = -(C)*X
LC YCU WISH TC CONTINUE? TYPE "YES" OR "NO".

[N
]

yes
--LATA ENTRY--
AITECUGH OPISYSX IS SPECIFICALLY DESIGNEL TO REAL
A1l MATRIX [CATA INTERACTIVELY, SEVERAL ALTZRNATE
FETBODS ARE AVAIIABLE TC USERS:
METECLC 1--THE “EF","G", AND "GAJMA"™ MATRICES
MAY BE FEAD FPRCM SEFARATE DATA FILES.
METECL 2-~THE WE","G"™, AND "GAUMAY" MATRICES MAY EZ
EXELICITILY DEFINED WITHIN SUBROUTINE “SETUP".
{NCTE: IN EITBES CASE, TEEF USER SHOULD CBTAIN A CCFY
OF THE EFCGEAM LISTING AND EXAMINE
THE EXAYELES CONTAINED IN S/R "“SETUE".)
DC YOG WISH TO CCNTINUE? TYPE "YES"™ CR "NO",
yes
LO YCU WISH TO IMNEUT THE "Pw, uG", ANLC "GAMMA"
MATRICES FFCM SUBROUTINE "SETUP" IAW THE
METHOD DESCERIBED CN THE PREVICUS SCREEN?
TYPE "YIES"™ OR "NO“.
rc
GENERAL OP1ISYSX OPTIONS:
CETICN 1t -- SYSTEM ANALYSIS WITHOUT
CEEN-LOCP EIGENSYSTEM CALCULATICNS.
CPTION 2 =-- SYSTEM ANALYSIS WITH OFEN-LOOP

ac




EIGENSTSTEM CALCULATIONS.
CETION 3 -~ C:EN-LOCFEF EIGENSYSTEM FCUND
AND PROGRAM TZRIINATZS.
(WF-¥4TRIX ENIoY FOLLOWS L1MUECLIATELI.,
CETICN 4 -- MCLAL DISTFIBUTION MATHEICES CCYELT:
KITHCUT FILTEE Ox REGULATOR SYNTEES
Ct STEALY-STATEZ ANALYSIS.
SELECT AN OPIICHK: 1,2,3, CR &.

-3

[ 5]

S

(2]

to

ENTEZR THE # OF STATES (NS) OF THE SYSTEM MATRIX !
MEU-MATRIX .

(V)]

ta

FLAG/FAFAMETER SETTINGS FOR THIS RUN ARE AS FCILICWS:

I0L I¢ IR ISS Ir¥ ITFV1 ITF2 1ITF3 IFDFW IE ILCEEUG
2 0 0 0 ¢ 0 0 9 0 0 0
ISET ICSTAE IPSD IY¥YU INCEM IREG NS NC KOB NC

0 0 0 C 0 0 3 0 0 0

. ORDER CF SYSTEM = 3

NUMEER CF CONTROLS = 0

NUMBER CF CBSERVATICKS = O

NUMEEF CF EROCESS NCISE SOURCES = 0

ENTER THE SYSTEY MATRIX "F"-MATRIX .
DIMENSION = # STATES (NS) X % STATES (NS)
TEE ELEMENT F( 1, 1)= -

1BE ELEMENT F( 1, 2)= _

TEE ELEMENT F( 1, 3)=




o)

¢
TEE ELEMENT F( 2, 2)=
?
e
1HE ELEMENT F( 2, 3)=
1
TEE ELEMENT T( 2, 1) =
7
-6
THE ELEMENT F( 3, 2)=
?
-11
TEE ELEMENT F( 3, 3)=
3
-6
THZ SYSTEM MATEIX “F“-M¥ATRIX ...
c.C 1.0CC00 0.0
c.0 0.0 1.00000
-€.CC000 -11.2CC00 ~6.60000
DO YCU WISH TO CHANGE THE VALUE OF ANY MATRIX ELEMENT?
TIPE “YES"™ CE "NO".
n

OFEN LCCP DYNAMICE MATRIX.<ecceaceocnonvoossoFou
0.0 0.100Cr+01 0.0
0.C 0.0 0.1000D+01
-0.60C0C+01 ~-0.110(r+02 -G.6000D+01

CPEN IOCE EIGENVALUES.;.-..---.DET(SI-F)c-
-1.00000r+0C:~2.0000CL+00:~-3.00000D+00:




e pw a

w-m---------u---u---u..,._..,,.____"!!_'__,h_‘

CPEN ICCE FIGHT EIGENVECTOR MATRIXeeeeeeeTeeon

~5.7725CZ0-01 - 2.1821760-01  1.0882855-C1
«7738CzD-¢C 4.364356D-01 -3.104855D-01

-5, 773503C-C1 ~8.728716D-01 S.434564D-01

'I
'y

U\

(A

CFEN ICCE LEIFT EIGENVECICR MATFIXeseeaosT-INV..
=5, 1G€152L+C0 ~4.3301.7D+00 -8.560254D~-01
1.374773D+C1  1.833020D+01 4.582576D+00
9.535392L+400 1.4305C9D+01 4.769696D+00

ANALYSIS COM¥PLETE. DO YOU WAND ANCTHZR RUN?
TYPE “YES" OFR "NO".
Lo
eeeees CEFISYSX IS NCKR TERMINATEDeceacensn

F; T=(C.28,0.89 21:52:C8
Tecerd cff
END RECCFDING OF TERVMINAL SESSICN

E. EEGULATCR S¥NTHESIS

Tke fcllowing regrlator synthesis example vwas taken frenm
"Lecture Nctes «c¢n Acvanced Ccptroi Systems®, by Prcfessor
L.J. Ccllirs of the Baval Ecstgraduate School, Monterey,Ca.
This example invclvecd detersinaticn of thz optimal regulatecr
gains kased on an arktitrarily chosen guadratic index; with
the varicus system anc¢ cost matrices dascribed belew.

Exagipation ¢f£ +the extensive program output dindicates
that the cptimal regulator gains are: =-5.0 and -SQRT(1C.(C).
The algekraic sign c¢f the gains is consistent with the defi-
riticr displayed on the first screen of the program (fa.
34).

Thke full tersinal sessicn is recorded below, with user
input in Jcwer case letters following =2aca "“2?v .

Tecctéd cr
EEGIN PFECORLING CF TEFMINAL SESSION

33 .




E; I=C€.01,0.02 13:55:26

filséef €6 “era (recfnr fa blksize 133

glotal titlib fortmods modleek imsldp nonimsi

load cptsysx (start

EXECUTICY BEGINS...

CPTSYSX IS A COMELETELY INTERACTIVE OPTIMAL SYSTENS (CCWTI2CL
EFCGFAM. IT WILL SOLVE NUMEROUS CONIROL PROBLEMS CbN TEE
FCILCHING TYPEé CF SYSTEES CONTRCL ECUATICUS:

XIOT = (F)*X 4 (G)*U + (GAM)* (&+40)
MEASUFEMENT ECUATION--
Z2 = (H)*X +« (D)*wk « V
FEGUIATCE PERFCRYANCE INDEX~--
J = 172 % INTEGRAL (Yt*(A)*Y + Ut*(B)=*U)LT
STATE FEEDBACK GAIN DEFINITION--
U = =(C)=*X
DC YCU WISH TC CCNTINUE? TYPE "YES'" OFR "NOw,

==LAT3 ENTRY~--
dITECUGH OPISYSX IS SPECIEICALLY DESIGNED TO KREAL
ALL MATIRIX [ATA INTERACTIVELY, SEVERAL ALTERNATE
FETECLS ARE AVAILABLE IO USERS:
METHCL t~-THE "“F","G"™, AND “GAMMAY" MATRICES
MAY EE READ FECM SEPARATE DATA FILES.
METHCL 2--THE “F%,%"G", AND “GAMMAY" MATRICES MAY BE
EXPLICITLY DEFINED WITHIN SUBROUTINE "SETUEY.
(NCTIE: IN EITHEF CASE, TEE USER SHOULD CBTAIN A CCPY
OF THE EROGRAM LISIING AND EXAMINE
THE EXAFELES CCNTAINED IN S/R "“SETUP".)
f0 10U WISH IC CONTINUE? TYPE "YES"™ OR "NC".

LC 10U WIsSH TC INFUT THE “F", "G", AND "GANMMAY
MATRICES FFCH SUBEBQUTINE “SETUP" IAW THE
METHOD DESCEIBED CN THE PREVIOUS SCREEN?

TYPE "™YIES" OF "“XNO'.




GENERAL CFISYSX GPTIONS:

CEITION 1 == SYSTEM ANALYSIS WIZIHCUT
OFEN-LCCE EIGENSYSTEM CALCULATIC:SE,
CiT{ION 2 == 3YSTZ8 &43aliSI5 WITH CrEL-LICE

EIGENSYSTEM CALCULATIONS.
é CETION 3 -- OPEN-LOOF EIGENSYSTEHM FCUND

#«ITHOUT FILTER

L]

N

TYPE "YES" CR "NO".
ro

CETION 1 -- CETIMAL FILTER
SYNTHESIS WITH
MATRI X INPUT.

- OPTIMAL FILIER
SYNTHESIS WITH
MAIRII INPUT.

- CFTIMAL FIITER
SYNTHESIS WITH
MATRI X INPUT.

- OPTIMAL FILTER
SYNTHESIS WITH
MATRIX INPUT.

SELECT AN CETION: 1, 2, 3,

CETION 2

CETION 2

CETION &4

AND PECGFAM TERMUINATES.
("F"-FKATREIX EXTRY FOLLOWS ISNMEDIARTELY.)
CITION 4 =- MCLAL [CISTRIBUTION 4AATRICZS CIXZUTZL

OR REZGULATCR SYXTRHESIS

OR STEALY-STATE AUALYSIS.
SELECT AN GPTICHN: 1,2,

3, OR 4.

CLC ICU DESIKE R¥E VALUES CF STATE AND CONTROL?

CETSYSX LQE,sCLASSICAL CEFTIONS:

ANC/QOER REGULATOE
NO EXTERNAL "C" CK "K"

AND/OR REGULATOCK
EXTERNAL "C"

AND/QOR REGULATOCR
ZXTEZRNAL "K"

AND/OR REGULATOE
EXTERNAL "C™ ANL MR%

OR 4.

- L0 YCU WISH TO LETERMINE THE STEADY-STATE RESEONSE

FCR A CONSTAXT DISTURER2NCE?
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TYPE
Lo

re
OPEN
CETIICHN 1
CETICN 2
CITICN 3
CETICN 4
SELECT

NOIS
CETICON 1
CETION 2
CETION 3
CETION 4

SELECT

V]

CCMEENSATOR
CPTION 1
CETION 2
CETION 3
CETION &

(NOTE

SELECT

§ILI A FEED
("C" - N

YES" CR "NO"“.

2C LETERMINE THZ MODAL DISTzIBUTIC!
MATFICES?

YES!" CR "j5Qn,

-LOOF TRANSFER FUNCTION OPTIONS:

NC OFEN~ICCE TRANSFZR FUNCTIONS CCHEUTEL.
PCLES, RESICUES, AND 4ZRGs COGPUTEU.

-~ OMIY FOLES AND ZEROS COMPUTED.

~~ ONLY POLES AND RESIDUES COXPUTED.

AN CETICN: 1, 2, 3, OR 4.

-

F TRANSFER FUNCTIION OPTICONS:

M NOISE TFANSFER FUNCTIONS COMPUTEL.
ECLZS, RESIDUES, AYD ZEROS COMFUTZL.
CNLY POLES AND ZERCS COMPUTED.

CNLY POLES AND REZISIDUES COUPUTEL.
CETION: 1, 2, 3, OR 4.

AN

TRANSFER FUNCTICN CPTIONS:
¥C COMP. TFANSFER FUNCTIONS COMFOUTEL.
§ECLES, RESIDUES, AND ZEZROS COH#PUTED.
(ALY POLES AND ZZRCS COMPUTED.
CNLY POLES AND RESIDUES COMPUTED.
A CCHMPENSATCPF TRANSFER FUNCTION CAN EE
COMEUTED CNLY IF BOTH A REGULATOERAND
PIITER ARE SYNTHESIZEL AND/CR INPUT.)
AN CETION: 1, 2, 3, OR 4.

~FOR®2KD DISTRIEBUTION MATRIX
ATRIX) BE INPUT ?

3é




*”""'""—"'"——""-""-r_"j

TYIPE MYIES®™ QF “)CW.

iR
THISE CEIICN DETERMIMES THE CRITERIA FOd DECIDING WwdEi A
BARBCVY ZARANIZTIC IC CTIZXO-T0I JADACY PAGLUZTED ZNIZICXIZIS

THE CRDEEF CF THE NUXERATOR ECIYNOAIAL Of EACE TZ2ANSFER
FUNCTICK.

ALL "N ZZROS OF THIS PCLYNCHIAL ARE c&INTED QUT ant

TEIS TEST TELLS ECW MANY EXTRA ROOTS ZXIST AT 2 = 0.

IFSS THAN 10.0%*#* (-IE) IS CCNSIDERED ZZRC.

TEE CEFAULT VALUE CF THIS FARAMZITER (IE) IS 6.

IN CIHER WORDS, IE = 1.GE-~6.
XF YCU DESIRE A [CIFFERENT MARKOV CRITERIA, TYPE THE
INTEGER VALUE.
IF YCU CESIRE THE DEFAULT VALUE, TYPE "Q" (ZERC)

)

LO YCU L[ESIRE TO SYNIHESIZE A STABLE FILTER (OR REGULATOE)
BY DESTAEIIIZING THE CRIGINAL SYSTEA?
{NOTE:WORKS FCF FILTER OR REGULATOR BUT HOT FCR EQTH
IN THE S2ME RUN.)
TYPE "YES" CR "NOW,

ro
LC YICU DESIFE IC PRINT THF EULER-LAGRANGE EIGENSYSTEM
ERICR TO DECCKECSITICN (FOR CHECKING THE PROGRAN)?
TYPE "YES"™ CR "NO".
yes

ECWER SPECTRAL LCENSITY (PSD) OPTION 1 :
CETICN 1 -- COMEUTE THE FSD OF THE OUTPUTS AND/CR THE
CONTECLS OF TEE CONTROLLEL SYSTE4 WEEN
FORCED BY FROCESS AND MEASUREMENT NCISE.
(NOIE: ECTH A BEGULATOR AND A FILTEZR MUSTEE
RESIDENT IN THE EROGRAY TO USE THIS CPTICH. (
CETICN 2 -- SAYE AS OEFTICN 1 ABOVE BUT CONLY PRINT TGEE
RESIDUES CF EACH TRANSFER FUNCTION
USEL IN THE ESD COMPUTAZTION.
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CEIICM 3 -- NOT LESIRED.

SELECT AW CETION: i, 2, OR 3.

)

ted

CC YCU DESIRE REGULATOF SINTJHESIS ONLY?
TYPE “YES"™ CE "NOY,
yes
ENTEFR TBE # OF STATES (WS) CF THE SYISTTM MATRIX
("E"-PATRIZX) .

[N

Ny

ENTERE TEE # OF CONIFOLS (NC) OF THE CONIKOL SYSTEM MCLEL
("G"-MATIRIX).

~n)

ENTEE THE # QF MEASUREYENTS CR OBSEZRVATIONS (NO) OF THE
("HY~FATRIX) .

LN |

[N}

ENTEF TtE 4 OF FROCESS NOISI SOURCES (N5) OF THE
("GAKYAW-MATRIX).
1
C
FLAG/EAFAMETER SEITINGS FOR THIS RUN ARE AS FOLLCAS:
Io0L I¢ IE Iss IM 1ITF1 ITF2 1ITF3 IFDEW IE ILCEEUG

1 0 c 0 ¢ 0 0 0 0 0 1
ISET IDSTAE IPSD I¥U INCEY IEREG NS NC NOB NG
0 C 0 ¢ 0 1 2 1 2 0

ORDER CF SIST=ZNM = 2
NOMEEE CF CONTRCLS = 1
NUMBER CF CBSERVATICNS = 2
NUMEEE CF EROCESS NCISE SOURCES = O
ENTER THE SISTEE MATRIX "F"~MATRIX
DIMENSION = # STATES /NS) X # STATES
TEE ELEMENT P( 1, 1)=




")

THI ELEZENT ©°( 1,

TEE ELEMENT F( 2,

JEE ELEMENT F( 2,

THE SIS
c.0 1.0CC
C.0 0.0

DC YCU WISH TC CHAD
TYPE "YES" C
Lo
CEEN LCCP DYNAMICS
0.¢C 0.1000LC
0.0 0.0

CEEN LCCP EIGENVAI

0.0 0.0

1.0C000CC+C00 -1.000CC
0.0 2.22044

CEEN LCCP LEFT EIC
1.0CCCCCD+C0 U4.503¢€C
0.0 4.503¢€C

ENTER THE MEASUEFE
DIMENSION =
TEE ELEMENT H( 1,

t
[}

TEM MATRIX UYF"-UATRIX ...
00

GE THE V2LUE OF ANY ¥ATEKIX ELEMZINT?
R "No " -

MATRIX...'....‘.'I.‘...FO.
+01

UES.. ®es s00000 DET(SI-E) .

.
.

CEEN LCCP RIGHT EIGENVECTCF MATRIXseeeeveeTeaen

CD+00
6D-16

ENVECTIOR MATRIXeeee..I~INV..
0D+15
0D+15

MENT SCALING MATRIX "H"-MATRIX .
# CBSERVATIONS (NO) X # STATES (NS)
1) =




[N ]

O )

)

Lo

“)

L]

THE ELEMENT H( 1, 2)=

_—e e Ty =
IFE ELZME

THE ELEMENT H( 2z, 2)=

TEE MEASUREMENT SCALING MATRIX "H"-MATRIX ...

1.0C0CC
c.0

LC YCU WISH TO CEANGE THE VALUE OF ANY H4ATRIX ELEMENT?

TYPE

MEASUREMENT SCALING MATRIX.eceaccocescsasoli.,

0.10C0C+01
0.0

ENTEE THE
CIXENSION

TEF ELEMENT A( 1, 1) =

THE ELEMENT A( 1, 2)=

TEE ELEMENT A( 2z, 1) =

TBE ELEMENT A( 2, 2)=

TEE CUTPUT MEASUFEMENT COST MATRIX "A“-MATRIX ...
0.0

25.CCC0oC

0.0
1.0€C00

NYES " CR "No 11 .

0.0

0.100CC+01

OQUTPUT MEASUREHENT COST MATRIX “A"-MATRIX .

= % CESERVATICNS (NO) X # CESEERVATICNS (XO) l




€.0 0.0

EC YCL wISH TO CEANGE THe VaALUZ OF ANY MATRIX ZLCZ.:NT

TYIPE Mizs® CR “NOn.,

ty
[¢]

CUT;UT COST MATRIX..............‘..I‘.I...A‘.
C.25(0C+C2 0.0
0.0 0.C

TNTIS THE CCQNTRCL DISTBHRIZUTICT UiT=IX M"3"-1AaTrZIX

DIMZNSION = 4 STATES (NS) X # CONTRCLS (NCQ)
TEE ELEMENT G( 1, 1)=

0
1HE ELEMENT G( 2, 1)=
1
TEE CONTROL CISTRIBUTION MATRIX “G"-MATRIX ...
.0
1.CC00C
DC YCU WISH TC CHANGE THE VALUE OF ANY HUATRIX ELEMENT?
TYPE "YES" CR "NOW“.
To
ENTEE THE CCNTRCL COST WEIGHIING HATRIX “"B"-MATEIX
DIMENSION = # CONTECIS (N¥C) X # CCNTROLS (XC)
TEEF FLEMENT B( 1, 1)=
3
1
TEE CONTBECI COST FMATFIXeweeoeeecooBuao
1.00000
DO ¥CT WISH TO CHAMNGE THE VALUE OF ANY MATRIX ELEMENT?
TYPE "YES™ CR "NO“.
Lo

TEE CCNTROL [CISTFIBUTION MATRIXeceeeecesoceeGen
0.C

0.10€0L+01




TEE CCNTIROL COST MATRIX eeevecvcecsoscccecnsscBes
J.1CC0T+C

FEULER-LIAGRANGE SYSTEM MAIGHIX...

0.0 1.000CC0D+00 0.0 0.0
0.9 0.0 .9 -1.£0000CC+03
-2.5CCO0CCp+C1 0.0 0.0 0.9
0.0 0.0 =1.C00000D+05 0.9

EIGENVALUES AND EIGENVEC

EULZF-LAGEALGE SYSTEY AFTZIR HQR2eeeeseswocsan

-3
o
m
w
O
*x)
(]
s ¥
<}
[\ 9]
~
[\®]

-1.58113¢D+C0 1.581139D+00
-1.5€113SL+C00-1.581125D+00
1.S€113SD+C0 1.581135D+00
1.58113SC+C0-1.581132SD+00

-7.42C443p-C2 7.168€12D-02 -1.824925D-01 -1.503482D-01
4.13€%SE5C-03 ~2.308:45D-01 -5,082453D-CG2 -5.262675C-¢1
-1.154172D+C0 -2.0683770-02 2.631337D+00 -2.541226C-91
~3.5E44CELC-CT -3.71524D-01 =7.517412D-01 9.124527D-01

EIGENSYISTEM CF CEIIMAL FEGULATOReeecececces

EICENVECTORS FRCM RGAIN EFEIOR TO CNORHM
-1.45¢525D~-C1 -2.6163123D-03
2.34€712C0-01 -2.266¢77D-01

C-LCCF CPTIMAL REG. E~VALUES...DET(SI-F+G*C)..
-1.58114L400, 1.58114rL+00: -

C~LCCF FIGHT EIGEINVECTOR MATRIXeceocesosalocas
-3.1€227¢€D-C1 -3.162278D-01
1.0000CCC+CO 0.0

CCNTFCL EIGENVECTICR MATEIX.ceaceososassosChia,
-1.58113¢D+00 .S€1139D+00




C~1CC: CPT. BREG. LEFT E~VECTOR MATRIX..M-INV..
0.0 1.002CC0D+00
-3 1€227EC+L0 - 1.000CCCD+00

SR L TN L ™D ST LT SN R S o A
il Cziilial Joceoald vadi CLUMIaUL i lnlile e el n e ia l ane

~5.0CCC0L+C0 ~-3.1623L+00

THE CIOSED LCOP CYNAMICS MATRIX <e.es.F=-G*C..
0.0 1.000CCCD+0Q
-5.0CCCC(D+CO -3.162278D+00

ANAIYSIS COMPLETE. L[O YOU J&4T ANOTHER nuUW?
TYIPE “YES"™ OF "“NOU.
no
s»oeeeeeesOPTSISX IS NOW TERMINATED:e.oeoos

F; T=C.ldz/1.85 14:03:(C3
teccrd off
END FECCELCING OF TERMINAL SESSION

C. FILTER SINTHESIS

Tte following Kalman filter =synthasis example was takern
frcm "“lectir2 Notes on Advaanced Control Systems", by
Erofessor L.J. Ccllins of +the Naval Postgraduate Schocl,
Monterey,Ca.

Tbis example dinvclved determination of +the ortimal
filter gains of an artitrary system; aodeled nearly idernti-
cally tc¢ the previous regula<cr problen.

In its presenrt ccnfiguraticn, OPTSYSX program sceguerncing
teguires the design of an optimal regulatcr, pricr to
perferming any optisal estimater synthesis. in c¢rder to
ccmply with built-ir program sequencing conventions, and
circumvent program difficulties which may not be specified
in the particular systes model, optimal filter synthesis gzay
te accorplished Ly ertering the identity matrix {I] in tkcse

f
o

e e e o~




RIS SVE P SR .

grogrey input sequerces requiring <+the 2ntry of ar  cuszu-

w2ignting) MatLliXe. Although tae OpTilel

eticrs may ditter ¢ +*hecs: expscted, Tohe cptizal

ic
&53I calculaticrs #ill te ccrrect ror the system zcd=l.
xsmination cf tle sxtensive program output Zrndicate
that the optimal filter gains are: -5.0, and =-SQRT(2.0).

Tke full terzinal sessicrn is =rcecorded beliosw, with uscse:

th

input ix lgser case iegrters fcllcwiag zach "2 .

reccrd cr

EEGIN FECORCING CFP TEFMINAL SESSION

F; T=C0.01,0.02 21:49::

filedef (6 term (recfm fa blksize 133

gloktal txtlit fortmod2 mcd2eeh imsidp ncaimsl
lcad cptsysa (start

EXZECLTICN PEGINS...

OPTSYSX IS A COMPLETELY INTIERACTIVE OPTIMAL SYSTEZEMS CCHTEHRCL
FEOGBEAM. IT WAIL1l SCLVE MNUMEROUS CONTROL FRCBLEMS ON THZ
ECLICWING TYPES CF SYSTEMS CCNTROL EQUATIONS:

, XDOT = (F)#*X + (G)*U + (GAd) *(W+W0)

MEASUREAENT ECUATION=--

Z = (B)*X + (D)*W + V
REGUIATOR FERXRFCRMANCE INDEX--

Jd = 1,2 ¥ INTEGBEAL (Yt*(A)*Y + U+t*(B)*U) LT
STATE FEEDEACK GAIN DEPINITICN--

U = -(C)*X
LO YOU WISE TO CCNTINUE? TYPE "YES"™ COR "NC".

yes

-=-CATA ENTRY--
ALTHOUGH OPTSYSX IS SPECIFICALLY DESIGNEL TO REAL
4LL MATIRIX [CAT2 INTERACTIVELY, SEVERAL ALTERNATE
PEIBODS ARE AVAIIABLE TIC USERS:
METHCD 1--THE "“EF","G", AND "GAMMA" MATRICES
MAY BE BEAD FRCM SEFARATE DATA FILES.
METHCD 2--THE “E","G", AND "GAMMA"™ MATRICES MAY EE
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EXPIICITiY DEFIMEL WITHIN SUBRGUTINE M™SEZU:Z".
(FCTE: IN ZITEER CASE, THE USZa SHOULD OBTAIL [, Co:7
OF TRE PREOGEAY LISITING ANLC EXAMINE

THI Z{AMPLES CONTAINZD IN S/ "ZIIulr.)
IC YOU WISH TC CCNTINUE? TYPE WYESM™ CR "HCM.
yes
LO ¥GU WISH TO IMNEUT THE "F%, #G", ANL "GALUA"
MATRICES FECM SUBEOUTINE “SETUP" IAW THE
METHOD DESCFIZED (¥ THE PREVIOUS SCZEEY?
TYPE “YES"™ OR "NO".
Lo
GENERAL CPISYSX OPTIONS:
CETION 1 -- SYSTEM ANALYSIS WITHOUT
CEEN-LOCP EIGENSYSTEX CALCULATIONS.
CETION 2 -- SYSTEM ANALYSIS WITH OEFEN-LOOP
EIGENSYSTEM CALCULATIONS.
CETION 3 -- CEEN-LOCE EIGENSYSTEM FOUND
ANC PROGRAM TERMINATES.
("P-FATEIX ENTSFY FOLLOWS IMMELIATELY.)
CETION 4 -- MCLCAL DISTFIBUTION MATRICES COMEUTEL
WITHOUT FILTER OR REGULATOR SYNTHESIS
CF STEACY-STATE ANALYSIS.
SELECT AN OPTICN: 1,2,3, CR 4.
2
] .
r [O YCU DESIRE RMS VALUES OF STATE AND CONTROL?
f TYPE "YES" CE "NO“.
‘ ' no

CETSYSX L(F/CLASSICAL CPTIONS:
CETION 1 -- OPTIMAL FILTER AND/OK RZGULATCR
SYNTHESIS WITH NO EXTERNAL "“C" OR "K"“
MATRIX INPUT.
CETION 2 ~-- CFTIMAL FILTER ANLC/OR REGULATOR
SYNTHESIS RITH EXTERNAL “C©
MATRI X INPUT.
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CITION 3 -- OPTIMAL FILTEE AND/OE REGULATCH
SYNTHESIS WITH ESTEERNAL "K"

{ AATEIZ ISEUT.

CETIAN 4 == CBTI{YAL FIITR: ANL/O0R KEGHLITCS
SYSTHESIS WITH EXTIXHAL "C' aul "g»
MATRIX INPUT.

SELECT AN CETION: 1, 2, 3, OR 4.

M)

LC ICC WAISd TO LEIZEMINE THE STEADY-STATE RZSECONSE
ECE A CONSTANT DISTUREANCE?

TYPE “IES" CRE "NOW“.

ta

no
LO YGU WISH TO CETERMINE THE MODAL DISTRIBUTICN
INL GAIN MATFICES?
TYPE “YES" CE "NO®.
no
CEEN-1CCP TFANSFER FUNCTICN CPTIONS:
CETICN 1 ~- NO CPEN-LCOP TRANSEZR FUNCTIONS CCYEUIEL.
CETICN 2 ~-- POLES, RESSICUES, AND ZERCS COXPUTEL.
CETICK 3 ~-- OYIY POLES AND ZEROS COMPUTED.-
CETICK 4 ~-- ONIY ECLES ANL EESIDUES COMPUTED.
SELECT AN CETION: 1, 2, 3, OR 4.
?
NCISE TRANSFER FUNCTIOK CETICNS:
CITION 1 -- NO NOISE TRANSFER FUNCTIONS COMEUTEL. 4
CETION 2 -- POLES, KESIDUES, AND ZEKCS COMEUTED.
CETION 3 -- ONLY EOLES AND ZEROS COMPUTED.
CETION 4 =-- CNLY ECLES AND RESIDUES COMPUTEE. *‘”’“”*”H
SELECT AN CETION: 1, 2, 3, OR 4. .. -- 77
?
CCMEENSATOR TRAKSFER FUNCTICN OPTIONS:
CETION 1 -- NC COMP. TBANSPER PUNCTIONS COMEDTEL.
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CETION 2 -~ ECLES, KRESILCUES, AND ZEROS COMEUTELC.

CFTICN 3 -~ CHLY POLES AND ZEROS COMPUTED.

CPTION 4 -— (MY POILES AND RESIDUES COMPUTED.
{80TE2 A ClUFiUSATOF TLANSFIR fUSCTIION Z

CCFMEUTED CNLY IF BOTE A REGULATO
ANL FILTER ARE SYNITHESIZED
ANL/CE INEUT.)
AN CETICN: 1, 2. 0R 4.

ke
<e

%iIll A FEED~PORW2ZRD DISTRIBUTION MATRIX
WL® - MATRIX EE INPUT ?
TYIPE "YES" OF “NCY.

Lo

2
.

¢

£

TH4IS CEIICN DETERMINES THE CFITERIA FOR LECIDING WEEN

A MAEKCV EARAMETER IS ZERC-TBE MARKOV PARAMETER
INCICATES THE CRDEF OF THE NUMERATCR POLYNOMIAL OF EACH
TRANSEER EUNCTION.

ALL "N" ZEROS CF THIS POLYNCMIAL ARE FRINTED OUT ANT
THIS TEST TELLS HCW MANY EXTRA ROOTS EXIST AT Z = 0.
LESS THEAN 10.0#* (-IE) IS CCNSILCERED ZERO.

THE LEEACLT VAILUE CF THIS PARAMETER (IE) IS 6.

IN CTHEF WORDS, IE = 1.0E-6.

IF YOU DESIRE A DIFFERENT MAFKCV CRITERIA,

TYFE TEE INTEGER V2ALUE.

IF YCU DESIRE THE LEFAULT VAIUE, TYPE

ny" (ZERO)

DO ¥YCU L[ESIRE TO SYNIHESIZE A STABLE FILTER
BY DESIABIIIZING THE CRIGINAL SYSTEM?
(NCTE:WCRKS FOR FILTER CR REGULATOR BUT NOT FOR ECTH
IX THE SAME BUN.)
TYPE "YES™ CR "NO".

(OR REGUIATOK)

]




no

CC Y¥CU DESIFE TC ERINT THE EULER-LAGRANGE EZIGENSYSTZIZ
ESICR TO DECCMEOSITION (FOR CHECKING THE Z0C2zli 0 7
TYPE "IES®" CE "lOo".

ICWER SPECTFAL CEXSITY (z3Z) CzTIOW 1 :

CETICN 1 -- COMEUTE THE PSD OF THE OUTPUTS ANLC/CR
THE CCNTROLS OF THE CONTROLLED SYSTEH
WHEN FOBCEL EY FROCESS AND #EASUREMENT
NOISi. (NQGIZ: BOTIH A XEGULATOX add a
FILTER MUST EE RESIDENT IN THE PROGHAY
TO [SZ THIS COI-II0CH.)

CETICN 2 -- SAME AS OPTICN 1 ABOVE BUT ONLY PSFINT THE
RESILUES OF EACH TRANSFER FUNCTION
USEL IN THE ESC COMPUTATIGN.

CETICN 3 -- NOT [ESIRZEL.

SELECT AN CETICN: 1, 2, OR 3.

LC ICU DESISXE REGULATOR SYNTHESIS ONLY?
TIPE “YIES"™ CR "NOW,
ENTER THE # OF STATES (NS) OF THE SYSTEM MATRIX

WE"-MATRIX .

ENTER TEE # OF CCNTROLS (NC) OF THE SISTEH MODEL
"G"-MATRIX .

ENTER THE # OF MEASUREZMENTS OR OBSERVATICNS (NO)
WHN-MATRIX .

ENIER TBE # OF FFOCESS NOISE SOURCES (NG)
"GANREAI"-MATIRIX .




FLAG,EAFEAMETER SETTINGS FCF THIS &UN ARE AS FCLICW3:
. N

IoL I¢ 1IF 1Iss I¥ 1IIf1 ITFZ2 ITF3 IFDFw II IL.ZU5
! o o ¢ o ¢ o o 9o o 0o
g ISET JILSTAE 1IPSD JY0 IVCRM IREG NS NC NOB NG
“ 0o ¢ o ¢ 0o 0 2 1

CRCEF CF SYSTENM = <

NUMEER CF CCYTECLS = 1

NUMEEE CF CBSERVATICHNS = 1

NUMBEEF CF ERCCESS NCISE SOURCES = O

ENTER THE SYSTEM MATRIX "F"-MATRIX

DIMENSION = # STATES (NS) X # STATES (NS)
TEE ELEMENT F( 1, V)=

")

0
THE ELEMENT F( 1, 2)=
H
]
TEE ELEMENT F( 2z, 1)= ,
?
Y
THE ELEMENT F( 2, 2)=
?
c }
TBE SYSTEM MATRIX "FY-MATRIX ... »
€.0 1.0C000
.0 0.0 .
DO YOU WISH TO CHAXGE THE VAIUE OF ANY MATRIX ELEMENT? 2
TYPE “YES™ CR "“NO".
£o y

C;EN LCCP DYN‘HICS uATRIx.......‘.........P..
0.0 0.100CC+01




0.0 0.0

ENIEX THE MEASUFZMENT SCAIING 4ATRIX WH"-MATIFIX
CIXENSION = 4 CESZRVATICEHS (NC) X # STATES (WX
TEE (LZAENT H( 1, 1) =

[}

TEE ELEEENT H( 1, 2)=

«”)

¢
TEE MEASUREIJENT SCALING 4ATRIX "H"-KATRIX ...
1.CCacC 0.0
LC YCO WISH TO CHANGE THE VRLUE OF ANY MATRIX ELZEMENT?
TIPE "“YES"™ CE "NOY,
no
MEASUREMENT SCALING MATHFIXeueeacweoaccesaaoHHew
0.1€CC0L+01 0.0
ENTER IHE OUTPUT MEASUFEMNENT COST MATRIX "™AY-MATRIX .
CIMENSION = # QESERVATICNS (NO) X # OESEEVATIONS (XNO)
TEE ELEMENT A( 1, 1)=
K
1
THE CCTEUT MEEASCFEMENT CCST MATRIX "A"-MATRIX ...
1.CC00C
LC YCU WISH TO CHANGE THE VALUEZ OF ANY MATRIX ELEMENT?
TYPE "“YES" CR “NO".
no

ctIEtT COST EATEI’..Q...............l.....a.'
0.10C0L+01

ENTER THE CCNTRCI DISTEIEOTION MATRIX “G"-MATRIX .
DIMENSION = & STATES (NS) X # CONTRCLS (NC)
TEE ELEMENT G( 1, D=




TéE ELEMENT G( o, 1)=

~)

0
THE CCANTRCI DISTRXIBUTION UATRIX M"GU-UATEZIX ...
C.C
.0
DC YCU WISH TC CHAMGE THE VALUE OF ANY MAT3ZIY ELEMENT?
TYPE WYESH" CR "NOw,
yes
ENTER THE RCW NUFEER OF THE ELEdAEZNTI TC BZ CEANGELD.
3
Z
ENTEE THE CCLUMN XNUMBEE CF THE ELEMENT TO BE CHANGEL.
2
THE ELEMENT G({ <, 1)=
?
1
THE CCNTRO1 CISTRIBUTICN MATRIX "G"-MATEKIX ...
c.0
1. CC000
DC YCU WISH TC CHANGE THE VRALUE OF ANY MATEKEIX ELEMENT?
TYPE "YES®"™ CR "NOW,
Lo
ENTEE TIHE CCNTRCI COST WEIGHTING MATRIX “B“"-MATRIX
DIMENSION = # CONTIFCIS NC X # CONTROLS NC
THE ELEMENT B( 1, 1)=
1
1
TEE CONTRCI COST MATFIXaeseececceeoBeen
1.€C000¢
CC YCU WISH TO CHANGE THE VALUE OF ANY MATRIX ELEMENT?
TYPE WIES"™ CR “NO©,
no
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TEE CCNTROL DISTFIBUTION MATRI{eeccosccoseGas
OCC
0. 1C6CGL+0 1

THZI CCNIa0L CUST raiz

0.1CCCL+91

EIGENSYSTEM CF CEFIIMAL FEGULATOReccescces

C-LCCE CETIAAL R2TC. E-VALIIES, . DET(SI-T+3x1) .,
<7.671(7E-C1, 7.C7107L-01:

C~LCCE FIGHTY EIGEMECTOE MATEIXecesoeosae denen
~7.07106EC-01 -7.071C€ED~01
1aCCCCGCCD+CO 0.0

CCNTECL EIGENVECICR MATEIXeeeeewscososesasCxHM..
-7.07106€D0-01 7.C71068D-01 :

C-LCCF CPT. KEG. LEFT E-VECTOR MATIIX..H-INV..
0.0 1.000CC0OD+00
1.4 MU 140+4CO0 -1.0000C0CD+00

SRR o T

THE CETIEAL FEELBACK GAIN CCNTECL MATHIX...C=BINV*CI*S...
-1.0CCC0L+08 -1.4142C+00

THE CLCSED LCOP LCINAMICS MATRIX ese...F-G*C..
0.0 1.000CCCD+00
=1.6CCCCCo+CO0 -1.414274D+00

St opm e R

ANALYSIS COMPLETE. TO YOU WANT ANOTHZIR RUN?
TYPE "YES" OF "NC".
no
weeesseaeOPTEYSX IS NOW TEBMINATECewccecas

F; T=C.S5U/2.84 15:3€:49

teccrd coff
END BFECCPELING OF TERMINAL SESSION !
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L. EIA¥ELE OF PROGEAM FAILUEE

Tie fcllcwing pathclcgical zxaapls ¢ 2Icgoerx  r2ailur
durir¢ reqguliazcr syrthesls was taken ZI¢a  <he JouzZLal of
Guidance anl Cecn*zel, Vei.3d, Nc.2, ©pp.190-1%Z, szzch-foprTil
1980.

Ir tbis exawmgle, the choice of the gquadratic irdex value
was tre factor rromcting grce¢gram instability leadirg <*c¢
€vential prcecgram failure la subroutine Hganl. he celculated

reqgulatcr cairs cf -t.1, and -3.1 (pa. 63) arz no* ccrrect!

With a 'slight* acdification of +he ccst nmatrix froz =
previcus value c¢f 4.0000 to a new value of 4.0001, the
Frograe was run a seccnd tims. Failurs did nct occur cr the
second run, an¢ the nes calculations (pa. 68) dindicat=z
filter gains of -2.0, and & "small" residve of 3.19D-14
(essentielly zerc). 1These are the corract values.

Ttis ezample fcints  out one Gpossible gethed cf

‘ccrrectirg certain prcgram failure modes, shculd they cccur

during executics.,

Tte full terminal sessicn is recorded below, with usez
input in Jcser case le¢ttsrs fcllcwing each “2?v .

Fcllcwirg the prcgram failure -example, <hat pcrtica cf

the repeated terminal cutput was deleted up to the point
where prcgrem executicn of the second run begins.

reccrd cr

EZGIN FECCFLING CF TEFMINAL SESSICN

F; T=0.01,0.02 21%:49::0

filedef (6 term (recfam fa blksize 133

glotal txtlib fortmo¢2 mcd2eceh imsidp ncnimsl
lcad cptsysx (start

EXECUTICN EEGINS...
OFTSYSX IS A COMPLETELY INTERACTIVE OPTIMAL SYSTEMS CCYNTECL
EBOGFAM. IT WILL SCLVE NUSERCUS CONTROL PROBLEMS ON TEE
FCLIOWING TYEFES OF SISIEMS CONTROL EQUATIQNS{
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XDOT = (F)*X + (G)*U + (GAHN)* (W+4%0)
MEASTREMENT EQUATIOM=--
Z = (BY*X ¢ (D)*W + V
RZGULATGR PERICRUANCE INCTIK~-~
Jd = 172 * INTEGHEAL (Y *(A)*Y 4 U = (E)y*{)CL1I
STATE FEEDB2CK GAIN DEFINITION--
g = =-(C)*X
LO YCU WISH TO CCNTINUZ? TYPE M"YES" OF "MCV.

]

-=LATA ENTRY~--
AITECUGH OPTISYSX IS SPECIFICALLY DESIGXNEZ TO READ
2Ll1 MATIRIX DATA INTERACTIVELY, SEVERAL ALTERNATE
YITECLS ARE AVATILABLE TO USERS:
METHCD 1--THZ "F","G", AND "GAMMA"™ MATRICES
MAY BE FEAD FRCY SEPARATZ DATA FILES.

METHCD 2--THE “F","G", ANL "GAudA"™ MATRICES MAY EE
EXPLICITLY DEFINED WITHIN SUBROUTIINE "SETUE".
{(NCTE: IN EITEER CASE, THE USER SHOULD O3TAIN A COFY

OF THE FROGRAM LISTING AND EXAMINE
THE EXQYELES CCNTAINED IN S/R "SETUEY.)
[C Y0U WISH 1IC CONTINﬁE? TYPE “YEZS" CR "NC".
yss

[O ICU WISH TO INFUT THBE "F®, "G", AND "GAMMAW

MATRICES FFCM SUBFOUTINE "SETUP!" IAW THE

METHOD DESCFIBED CN THE PREVIOUS SCREEN?

TYPE "YES"™ OFR "“NQO",

no

CGENERAL OFISYSX OPTIONS:

CETION 1 -- SYSTEM ANAIYSIS WITHOUT
CEEN~LOCP EIGENSYSTEM CALCULATIONS.
CETION 2 -- SYSTEM ANALYSIS WITH OFEN-LOOP
EIGENSYSTEM CALCULATIONS.
CETION 3 -- CEFEN~LOCP EIGENSYSTEM FOUND

AXD FROGRAM TERMINATES.
("F"-MATRIX ENTRY FOLLOWS IMMEDIATELY.)
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M)

Lo

ro

CETION 4 -~ FECLAL DISTFIEUTION MATRICES COMPUTEL
ATT1ACUT FILTER OXx REGULATCR .7 .07 -
CF STEALY-ST

SELECa Ag VUPLIONL :';-q 3. X 4.
LC ICC DESIEKE R¥S VALUES CF STATE aND CONTROL?
TYFE "YES"™ CR "“NO".

CETSYSX LQR/CLASSICAL OPTIONS:
CETION 1 -~ CETIMAL FILTER INL/OR EEGULATICF

SYNTHESIS WITH NO EXTERNAL "C"™ OR “g*

MATRIX INFUT.

CETION 2 -~ CPTIMAL FILTER AN¥D/OR KZIGULATOR
SYNTHESIS WITH EXTEZRNAL "C"
MATRIX INPUT.

CETION 3 -~ CETIMAL FILTER ANL/OR REGULATOR
SYNTHESIS WITH EXTERNAL "“K"
MATRIX INPUT.

CETION 4 ~-- OPTIMAL FILTER AND/OR REGULATCR

SYSTHESIS WITH SXTERNAL "C" aNL “g®

MATRIX INPUT.
SELECT AN CETION: 1, 2, 3, OR 4.

L0 YOU WISH TO LETERMINE THE STEADY-STATE RESEONSE
FCE A CONSTANT DISTUREANCE?
TYPE "“YES" Ck "NO".

IC YCU WISH TO LETERMINE THE MODAL DISTRIBUTICN

ANC GAIN MATEICES?
TYPE "YES" CR "NO*,

CEEN-ICOP TFANSEER FUNCTICN CPTIONS:
CETICN 1

5§

~=- NO CPEN~LCCF TRANSFER FUNCTIONS COMEUTEL.

J-H-'ﬂI-l'--l-.-....-...--.-——--..-"-!!===....'-’"‘




b ‘«A-_‘A-L;AAA___L
iser = S - Ny

CETICN 2 -- DPOIES, RESICUES, AND ZZR0OS COMPUTEZCL.

CETICH 3 -- ON11 PCLES aX¥L ZEROS COMPUTEL.

CZTICN 4 =~ ONLY TOLES AND R3ZSIDUZS COMPUTED.
SELECT AN CETICYN: 1, 2, 3, OR 4.

"y

~)

NCISE TRANSFER FUNCTION CETIIONS:

CETICN 1 -- NC NOISZ TRANSTER FUNCTIONS COMNZUTEL.
CETION 2 =-=- POL2S, RESILUZS, AND 41305 COMEUTED.
CETION 3 =-- CNLY ECLES AND ZEROS COMPUTZED.

CETION 4 -- ONLY FCLEZ5 AND RESIDUES COMFUTED.

SELIZCT AN CETICN: 1, 2, 3, OR 4.

")

CCYEENSATOR TRANSFER FUNCIION OPTICNS:

CETION 1 -- NC COMP. TFANSFER FUNCTIONS COMPUTEL.
CPTION 2 -- ECLES, RESIDUES, AND ZEZROS COMFUTED.
CETION 3 -- (X¥1Y POLES AND ZERCS COMPUTED.

CETION 4 ~- CNLY POLES AND RESIDUES COMPUTED.
(NOTE: 2 COMPENSATCK TRANSFER FUNCTION CAN BE
CCMPUTEL ONLY IF BOTH A REGULATOR
25D FILTEF ARE SYNTHESIZEL
AND/OR INEUT.)
SELECT AN CETION: 1, 2, 3, OR 4.

(V]

WIll A FEED-FORWARD DISTRIBUTION MATRIX
(“D" - MATRIX) EE INPUT ?
TIPE "YESY" QR "NQ&.
Lo
LO YCU LCESIRE TO SYNTEESIZE A STABLE FILTER (OR REGULATCR)
BY DESTIABILIIZING THE ORIGINAL SYSTEHN?

(NCTE:WORKS FOE FILTER OR REGULAIOR BUT NOT FCE ECTH
IN THE SAME EKUN.)
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TYPE YYES" CE "NO™.

1§ ]
(¢}

DO 1CU DESIERE IC EXIaT THE EULER~LAGRANGE EIGZIU3ISIZU
EEICR TO DECCMEOSITICN (FOR CHICKING THTI EROCGIAM 7
TYIPE "YES" Ck “NOU.

ECWER SPECTERAL L[ENSITY (FSD) OFTION 1 :

CFTICY 1 ~- COMPUTE TEE PSD OF THE OUTPUTS AND/OR THE
CONTFOLS CF THE CONTROLLED SYSTEYX WHZIN FCRCED BY
FROCESS 2ND MEASUKEMENT NOISE. (NOTZ: BCTH &
REGULATOE AND A FILTER MUSI BE RESIDENT IN THE
FROGEFAM TC USE THIS OPFTION.)

CETICK Z -- SAME AS CETION 1 AEOVE BUT ONLY PRINT THE
RESIDUES CF EACH TFANSFER FUNCTION
USED IN TEE PSD COMPUTATION.

CETICN 3 -- NOT CESIFED.

SELECT AN CETION: 1, 2, OR 3.

LIV ]

ta

CC ICC DESIRE REGULATOF SYNTHESIS QNLY?
TYPE "“YES" CR "NO“.

yes
ENTER THE # OF STATES (NS) OF THE SYSTEM MATEKIX
("F"-FKATRIX).

7

z
ENTEE THE # OF CCNTROLS (NC) OF THE SYSTEM MCDEL
{("GH"-MATRIX).

?

1
ENTER THE # OF MIASUREMENTIS OR OBSERVATICNS (NO)
("H"-MATRIX).

K]

z

ENTEE THE # OF EFOCESS NCISE SOURCES (NG)
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("GANER"-NAIRIX).

28}

“

FIAG/PAFAMETER SETITINGS FOR THIS RUN ARE AS FC1ildSs:

IoL I¢ IE Iss I# ITF1 ITEZ 1ITF3 IFLCFd IZ ILEEUG

1 1 C 0
ISET IDSTAE IPSD
0 ¢ 0

CRDEF CF SISTEHN =
NUMEEE CF CONIRCLS

0 1 0 0 0 0
IYU INCEM IKEG NS NC NOB G

€ ¢ 1 2 1 2 0
2

= 1

NUMEER CP CBSERVATI(KNS = 2
NUMEEF CF EROCESS NCISE SOURCES = 0

ENTER THE SYSTEY MATRIX (“F"-MATRIX)

CIMENSION
THE ELEMENT F(

LN ]

"

# STATES (NS) X # STATES (NS)
e )=

c
TEE ELEMENT F( 1, 2)=
7
1
THE ELEMENT F( 2, 1)=
?
-1
TEE ELEMENT P( 2, 2)=
0
THE SYSTEM MATRIX ("F"-MATRIX)...
0.0 1.00C00
~1.0€00¢C 0.0

IO ICU WISH TO CEANGE TIEE VALUE OF ANY MATRIX ELENENT?
TIFE “YIES™ CE "NO©,




CEEN LCCF DYJAUICS HATRIXeoevoonosvocsoooneolae

0.¢C C.100CT+01
=0.10CCr+01 0.0

OFEN ICCP EIGENVAIUES.. veasecas LET(SI-F)..
0.0 ¢« 1.0000C6C+00:

CEEN LCCP RIGHT EIGENVECTCHF MATRIXeeoeooeZoaas
0.0 ~1.000CCLD+00
1.CCCCC(D+CO 0.0

LEFT ZTICENVECTIOR MATRIXeesoes.T~INV..
0.0 1.000CCCD+00
-1.00C00CCC+CO0 0.0
ENTER THE MEASUFEMENT SCAIING MATRIX ("H"-MATRIX).
CINANSION = # OBSERVATIONS (NO) X # STATES (KS)
THE ELEMENT H( 1, 1=

o)

¢ .
TEE ELEMENT H{ 1, 2)=

THE ELEMENT H( 2, 1)=

«)

TEE ELEMENT H( <, 2)=

TEEZ MEASUREMENT SCALING MATRIX ("H"-MATRIX)...
0.0 0.0

C.0 -1.0CC00
LC YCU WISH TO CEANGE THE VALUE OF ANY MATRIX ELEMENT?
TIPE MIES" CR "NOW, ]
no




MEASUEEEENT SCALING MATEIXuceeoovooescccaoian
J.0 0.0
0.C ~0.100CC+01

¥CLAL MIASUREMENT SCALING MalRIX...d{BAR) *T..
.0 0.C
-1.CCC000D+00 0.C

ENTEE THE OUTPUT MEASUBEMENT COST MATEIX (™A"-MATRIX).
CIMENSICN = # OESERVATIONS (NO) X # OBSERVATICXS (NO)
THE ELEMENT A( 1, )=

TEE ELEMENT A( 1, 2)=

LN ]

0
TBE ELEMENT A( 2, 1)=
C
TEE ELEMENT A( <, 2)=
F
4 .
THE QUTIPUT PFEASUFEMENT CCST MATRIX ("A"-MATRIX) ...
.0 0.0
€.0 4.0CC00
L[C YCU WISH TO CEANGE THE VALUZ OF ANY MATRIX ELEMENT?
TYIPE ®YES® CEK "NOW™. N
no |
CUTEUT COST MATBIYeawcececcncscsacncoanocncaclas
0.0 0.0 ]
0.0 0.4000C+01 1
ENTEE THE CCNTRCL DISTERIBGIION MATRIX ("G"-MATRIX).
DIMENSION = & STATES (NS) X # CONTRCLS (NC)

. 1EE ELEMENT G( 1, 1)= J




-

«)

© e are—— e

no

no

-——

TEZ ELEMENT G( 2z, V=

TEE CCNTROL DISTRIBUTION MATRIX ("G"-MATKRIX)...
C.0
1. CC20C
[C ¥CU WISH TO CHANGE TEE VALUE OF ANY MATEIX ELZMENT?
TIPE "YES" CE "NO",

EMTER THE CCNTRCI COST WEIGHTING MATRIX ("BY-MATRIX)
CIMENSION = # CONTROLS (NC) X # CCNTROLS (KQ)
THE ELEMENT B( 1, 1)=

TEE CONTROL COST MATRIX.eveeeeseceBoon

1.6000C

LC YCU WISH TO CEANGE THE VALUE OF ANY MATRIX ELZMENI?
TYPE "“YES" CEk "NO™.

TEE CCNTROL DISTEFIBUTION MATRIXeeeeocaecaaGan

0.0
0.1€CC0C+01

MCILAL CCNTROL DISTRIBUTION MATRIXeeeees«TI*G..
1.CCCOCCD+00 -
0.0

IBE CCNIROL COST !ATBIX‘.......‘..........B..

0.10C0L+01

CEEN LOCP TRANSFEE FUNCTICMNS...

TF FCF INFEUT NO. 1 ANL OUTEUI ¥O. 1:

NC PINITE ZEFOS. TF GAIN = 0.0
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RESIDUES AT THE PCIlES:
FECLES A 2SS I DJsis s

RZ4l (a) IM44G ()
( 0.0 )+3( 1.00000C) ( 0.

) EXP (A*T) *COS{B*T)

0
0 ) EXP(A*T) *SIN(B*T)

IF FCR INEUT NO. 1 AXD GUTEUT NO. 2:

CRLER CF NULZR2AIOR = 1 TF 33IN = -C.1000D+01

NUMEFATCE ELGENVALCES (INCLULING EXTRANEOUS ZERO VALUES):
( 0.0 ) +3 0.0 )
( 0.0 ) +J ( 0.0 )

RESICUES AT THE POIES:

ECIES RESIDUZS
REAL (d) IMAG {B)
( 0.0 )+J¢( 1.000000) ( -1.€00000) EXP (A*T) *COS (E*T)
( 0.C )+J3(-1.000000) ( 0.0 ) EXP (A*T) *SIN (E*T)

FAILUFE IN HQE2 ON EIGENVAIUE NO. 4

-1.9€236€6C+C0 3.464€12D-03 -2.459867D+00 1.508857D+00
3.4€U483€D-03 3.762172D-02 -1.491143D+00 2.500102C+00
-4.415041C-15 -3.208€43D-13 -1.962366D+00 3.621151D-03
5.281545D-11 -1.267€12D-17 3.621125D-Q03 3.762t21p-02

EJGEXSYSTEM CF CEIIMAL FEGULATOReeceeceses

EULER-IAGRANGE ECUATIONS BAVE A REAL EIGENVALUOE
AT OR NEAF ZERO.

C-1CCE CPTIMAL REG. E-VALUES...DET(SI-F+G*C)..

C-LCCE ERIGHT EIGENVECTOR MATRIXcececwecescellaces
-7.CSEECD-CY 6,0351£5D-01
-7.0833€C7C-01 1.000CCCD+00




CCNTFCL EIGENVECTCR MATFEIdeeessveosoeceassChil,,
1., 4117€10+00 -1.8G64787p-02

C-1CCEF CIT. GEGe LE87 IZ~VECICZ MATRIL..U-TiV..
-3.592CEZD+CO0 2.167EE8BD+00
~2.5U44382C+00 2,5355€2D+0C0

THE CPTIIMAL FEZELBACK GAIN CCNIRCL MATRIX...C=3INV*GI*S...
5. 1CS5L+0C =~3.0987CL+00

TEE MCDAL CCNTROL GATNS eevecacssansenss C*T.,
~3.05E6C€D+00 ~5.1(9451D+00

TEE CICSED LCOF LINAMICSE M2ATRIX ecesesF~G*C..
0.0 1.000CCCD+00
4.10S451D+C0 -3.098€S6D+00

ANAIYSIS COMPLETE. CO YOU WANT ANOTHER RUN?
TYPE "MYES"™ OF “NO"“.
yes
EC Y0U WISH TO SAVE THE "F#-MATRIX FXCM THE LAST
FON TO BEZ USED 1IN THE FOLIOWING RUN?
NCTE: 1THE MATR:X WILL EE FEDISPLAYED AT
TEE EFCPFER INPUT SEQUENCE INTERVAL
AND YCU WILI HAVE THE CETION OF CHANGING
INIIVITUAL MATRIX ELEMENTS.
TYPE "IES"™ OEF "“NC".
yes
LO Y0U WISH TO SAVE THE "H"-4ATRIX FRCM THE LAS1T
FUN TO BE USED IN THE FOLIOWING RUN?
NCTE: THE MATRIY WILL EE BFEDISPLAYED AT
TEE ERCPER INPUT SEQUENCE INTERVAL
AND YCU WILIL HAVE THE CETION OF CHANGING
INCIVICUAL MATRIX ELEMENTS.
TYPE "YES" OF “NCY,

yes

LC Y00 WISH TO SAVE THE "G"-MATRIX FROM THE LAST




yes

FUN TIC BE USED I THE FCLICWING RUN?
NCTE: THE MATRIY WILL EEF PRIPISFLAYID 3
THE FRCPEL INPUT SEQUENCE INTERVAL
AL YCU WILL HAVE THE CPIION OF CHANGING
INCIVILUAL MATRIY ELZMENTS.

TYPE “YES" OR "NQ¥.

Author‘s rote: Since the Sal€é [rogrel options are to

be run again, with only a changzs in ore
of the cost matrix element values, tis
terzinal output was da2leted up to the
pcint where program calculations resume
in crder tc¢ avoid redurndancye.

ORLEF OF SISTEM = ¢

NUMBEK CF CCNTRCLS

1

NUMEEE CEF CBSERVATICNS = 2
NUMBER CF EROCESS NCISE SOURCES = 0

THE SYSTEM MATRIX ("F'-UATRIX) ...
c.0 1.00000

-1.C0C0CC 0.0

IC YCU WISH TO CEANGE THBE VALUE OF ANY MATRIX
TYPE "YES" CE “NOM.
Lo
CFEN LCCF DYNAMICS MATRIXeoeevsscecccsnssosFan
0.0 0.100CLC+01
-0.1CC0C+01 0.0

CEEN LCCP EIGENVALUESee svseescee DET(SI-F)..
0.0 ~ s 1.C000CL+00:

CEEN LCCF RIGHT EIGENVECTOR MATBIX.ececeeeTeaen
0.0 -1.000CC0D+00
1. 0000CCD¢CO0 0.0

EXIEMENT?




CTEY 1CCP LEFT EIGENVECTOR MATRIX.cewoa.T=INV..

>

.4 1.000GGCD+CY
-1.0C00CCp+C3 ¢©.0

TEZ UEASUREMENT SCALING HATRIKL ("H"-4ATRIX)...
Cc.0 0.0
C.d -1.0CC00
L[C YCU WISH TO CEANGE TEE VALUE OF ANY MATLIX ZLEMENT?
TYPE M“YES™ LR “NOU,
no
MEASUREMENT SCALING MATERIXevseeeocaseasacssailes
0.0 0.0
0.0 -0.100CL+01

FCILAl MEASUREMENT SCALING MATRIX...H(BAR) *T..

ENIER THE OUTFUT MEASURZMENT COST MATRIX (“aA“-NATERIY).
IIMENSION = # OESERVATIONS (NO) X # OBSERVATICNS (XO)
TEE ELEMENT A( 1, V)=

TEZ ELEMENT A( 1, 2)=

LN

0

THE ELEMENT a( 2, )=
7
c

TEE ELEMENT A( <, 2)=
?

4.0001

THE CUIPUT MEASCHEMENT CCST MATRIX ("A“-MATRIX) ea.
C.0 0.0
.0 4.0CC10

[0 YICU WISH TO CBANGE TEE VALJE OF ANY MATRIX EIEMENT?
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TYPE "“YES"™ CR "NOY.

I.C
CUTEUT COST MATRIXeeuee eovvacosanncanoseealon
0.¢C 0.0
0.0 0.400CC+01
TET CCNTROL DISTRIBUTICY MATRIX ("GM=¥ATRIX)...
.0
1.€c00C
[C YCU WISH TO CEANGE THE VALUEZ OF ANY MATRIX TLIMINT?
TYPE “YES" CR "NO™.
no
ENTEE THE CCNTRCI COST WEIGHTING MATRIX ("E"-HATRIX)
CIMENSION = # CONTIROLS (NC) X # CONTROLS (NC)
THE ELEMENT B( 1, 1)=
?
1
TEE CONTRCL COST MATEIXweescesoosBaon
1.€C00C '
IC YCU WISH TO CHANGE THE VALUT OF ANY MATRIX ELEMENT?
TYPE "YES" CF "NO", '
no

TEE CCNTROL DISTFIBUTION MATAIXeecaeaseasala.
0.0C
0.1CCOC+01

MCLAL CCNTROL DISTRIZUTION MATRIXeeeo..TI*G..

1.0CC0CCD+00
0.0

THE CCNTIROL COST FMATRIXeeocsseccscasccessnseeBans
0.1€CC0L+01

OFEN I0OCP TRANSFEF FUNCIICNS...
TF FCF IKEUT NO. 1 AND QUTEUT NO. 1:

FC FINITE ZEROS. TF GAIN = (.0
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RISILUES 2T THE POL:S:
ECLE S EESICLUES
REAL(3) IXaG (B)
{ 0.C )+J( 1.0000CC) ( .0 ) EXP (A%T)*=CCS (Z#7)
{ 0.0 )+J¢(=-1.C000CC) ( 0.0 ) TXP (AXT)XSIY (B*T)

TF ¥CF IKEDT ¥O0. 1 BANL CUTPUT NO. Z2:
ORLCEE CF XNUMERATOR = 1 TF GAIN = -C.1G00C+01

NUMEEATCE EIGENVALUES (INCLULING EXTRANEOUS ZERO VALUES):
( c.C ) +J( 0.0 )
( 0.C )+Jd | 0.0 )

RESILUES 2T THE POILES:

ECL ES RESITUTES
REAL (2) IMAG (E)
( 0.C )+J( 1.C000C0) ( -1.000000) EXE (A*T) *COS (B*T)
( 0.0 }+J( -1.G00GCC) { 0.0 ) EXP (A*T) *SIN (B*T)

EIGENSYSTEM CF CETIINMAL FEGULATORececcacan

C~LCCE CETIMAL REG. E-VALUES...DET(SI-F+G*C)..
-1.005C1C+0C:-9.95012zC-01:

C~-ICCF FIGHT EIGENVECTOFR MATBRIXeeevaoeveelMeaes
7.053368r-01 -7.088523D-01
-7.0€€723D-C1 7 .053368D-01

CCEXTFCL EIGENVECTICR MATRIXceweoveosseeaC®*May
1.417762D+00 -1.410691D+00

C-LCCE CPT. REG. LEFT E-VECTOR MATRIX..M-INV..
~1.41C6S1D+C2 -1.4177€2D+02
~1. 4177620402 -1.410€51D+02




THZ CETIN2L FEZIEACH GAIN COUTROL MATRIX. s C=EBINVY*ZT Z...
~3.1€74C-14 -2.000CC+00

TEE 'ZCEAL CCNTROI GI\INS..-.--....--.....C*:..

-2.CCCC2€D+¢ 00 3.1S7442D~14

TEE CICSED LCOP LYNAMICSE MATRIZ .ceeeesF=-G*C..
0.0 1.000CC0D+00
~1.0CL0uCL+C0 -2.000C25D+00

ANALYSIS CO¥PLETE. LO YCU WANT ANGCTHEER ZUXN?
TYPE M“YES™ OR "NCM.
)

seaneeaesCPTSYSX IS NOW TERMINATEDceceeaseos
B; T=(.€3/2.60 23:33:(07
teccré off
END RECCEDING COF TEREKINAL SESSICN
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A. CCNCIUSIONS

ed for the guadratic
synthesic ¢f centrollers Zor e

ah
work, ccupled sith its efficiznt

r
ot

P
ary-wing V¥TO0L =2i-cTafz, ks
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extensive mcdificaticrs and =

m
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Q
=]
W

ats of Hallts crigirnal
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anxd eaccurate eigensystar
soluticn rceutine, represant a gewerful teol ir +he dssign of
cptimally centrolled systems.

In its rresent interactiv:s form, CPTISYSX has besn trars-
ferred frcr the arena of high-level applied mathematics and
numerical aralysis tc the level c¢f control system angireers
and students. It now represents aa even more fpowerful
educaticnal tool, e¢ktle to rapidly and effectively umnleck
pany onisvnderstcod linsar systems amathematical rela+icn-
ships.

As ar ultimate gvaluation cf the computational akilities
cf OFTSYsX, <the procram was tested wusing an 82 X EZ ma+trix
cf aircraft longitudinal mection equations for the VX-~29
experimental Fichter aircraft derivative, provided by
NASA-Ecwerds.

Fcr a system of equations cf this magnitude, all prcgram
arrays vere re-dimersicned (as shown in Appandix A), and a
2-Megabyte virtual machine size was resquired. This systenm
was run tirougk tire Mcdal Apalysis option of CPTSYSX,
reguiring 1less than 90 seccprds to 1load the system and
complete all open-lccp and modal analysis calculaticns!

Erogram results exhibited rerfect eigenvalue correlation
with thcse cbtained £from the John Edwards Centrol Frcgram.
additicnally, OPTSYSX provided complate lcngitudiral medal
apalysis, gpreviously ctnavailable cn a system cf this size.
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It iz repsd taat <the va:z: c¢f this lz<wszacwivs: Loorlma
versicn »ill be esncotiraysd; anpd that Zts expanded 2L.llities
¥211 s<irulzts terh intarestin and rssszazch on hrsic zvs
ccntrecl picilems, as well as amore advancad designs.

E. BECCFMMENDATICHNS

Based ¢ <he rzsvits of this thesis, four z-eas smezcsd

as possitilities for further zesearch and study:

The use of CPTSYSX and similar design fprograms
should ke encouraged in all undergraduate and graduats level
courses involved in +tha analysis and design o©of <ccntrol
systemps. Tcward this ernd, it is recommended that OPTSYSX be
placed ir the ncn-I¥SL library of subroutines, makirg it
€asily available to all potential users.

2. gcpruter Grarlkics

Tke additicn <¢f gragphical pletting routines tc zthe
progran in the time ard <ifrequency domain would make CFISYSX
an ever pore powerful tool in the design of maay ofptirally
contzrclled systerns.

3. [Errther Modifications

The pressnt version c¢f th2 program should ke moédi-
fi=d to include the CETSYS 5 Jerivative input term improve-
gents cf Liv [Ref. 3], and rrogram sequencing during optinal
filter <synthesis shculd be examined. Various test runs
indicate an area of ccnflict ipn that the program appears to
tequire +he design of an cptimal regulator prior <o
perfcrzirg any filter calculations.
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c"l SERZEETEINLBEETINT FTXWBAEREREXBTBITSTTE N X SAMWEIRENIRNRXELIZTZT ITTE IXBXEXITH

SUEROCUTIBE CNOSM (8Z,4Y,VEC,NS,I4RITE,N¥5Q,00D,01,D2, dNORY, dNOQNMI,d
10,C8,31,K2)

(o4 =
¢ 72 (1) REAL DART OF I-13 BIGENVALUE =
=
¢ WY (1) CCMELEY PART OF I-TH SIGENVALUE =
¢ vEC NATAIX OF BIGHT EIGENVICTC&S 3TULICD [% 2IAs FORE =
c PECH HQR2 =
g s §O. OF STATES =
¢ IWBITE FIAC TC CONTROL FORMATS FOR DIPFERENT EIGHENSYSTENS=
=
g FNOgN NORMAL IZED MATRIX U CP RIGHT SIGENVECTORS STORED =
é BY COIUANS LN FBEAL SORM =
¢ MORMI U-ISVERSE 2*CONGUGATZ OF LEFT EIGZNVECTORS =
c ST0RED BY AOW IN REAL PORM =
é NS Q,ECD,D1,L2 = ARGUMENTS EASSED T0 AINV =
C”S’S”'a":”:s:=”=’=S‘:’=ls=3il‘==3’S==8====“==38:33’3’“:838’:“
INPLICIT REAL*E (2-,0-2)
BEALs3 FIELD, CCMHA,SEACOL,RLGHT,FNT
DINENSION 42 [¥S) a1 BS) (VEC (45 §5) 7 NCRA (NS, NS) , WHORMI (NS, ¥5) ,STCR
1E(6£, 148s) 24 sg, n'r\{ﬁu), 0 R1,¥%) LCHNT,E2)
SATh SraTT/8HE12. 57, CodMA SR, 1, v,/ SENCOL/5H, " 2, /, RIGHT/1H) /,FAT/
T6H (1%, 15, 13%1a / S2HEND 4y, "1/
c-~—--;;-6-uoazaxxzs FERBLEX SIGENVECTORS BY LARGZST ZLEMENT ~==-=-=-c---
=
LE=)
LC=0
£G 50 K=1,¥S
IF ixx.zc.t) GCc TC 40
IP {DARS Y (K)).LT.1.D-10) GO 10 50
LC=LC+ 1
ENAK=0.DO0
DO 20 L[=1,45 )
CRCD=TEC (£,R) #*24VEC (L K¢ 1) ¥« ]
Ip éCﬂOD-EﬂAX) 20,710,168
10 EMAX=CJIOL
a=1
20 CONTIJUE
TRE2VEC (M,K) '
VHI2VEC (M,X+ 1)
L0 30 I=1,3¥5
VR=TEC (I,K)
VI=VEC{I,A+1)
YECRN= (VESVAR+ VI®YNI) /ENMAX
TECIN= (~VE*VAI+VISVNR) /ENAK
WNORM (L,K)SVECEN
WRORM (T4 K+1) =VECTN
30 ceurInot
KXs=s1
GO TO SO
40 KK=0
50 CONTINUE .
22 e 22222 NCEMALIZE BEAL EIGENVECTORS BY THE TOTAL LENGTH-—-=<-=====-=
DQ 80 K=1,845
IF (DABS (KY(K)).GE.1.D~10) GO TO 30
LE=LR+ 1
BRENCD=0.C0
DG 60 I=1,45
6Q BENOD=VEC (T thtZoazaoo
B40D=DSQE ‘éz or)
DG 70 I=1.1s
8YEC=VBCéf.KL/BaOC
4NOEN y=RVEC
1 co¥TINUE
8 CONTINUE
60 _T0 {9
90 WEITE {6
GQ 170 14
100  ¥RITZ |
6o 10 tat
110 WRITS
GO_T0
120 WBITE
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SUBROUTINE T ( sv.ss A,ah 3,88, LiC.CH/ IFDEW, D, 38,CC,CP,
6 bo, irf

1 Foaes,b1.52:5 §,1TF,
555’5§§§3u“§“ LB E) BHLY, 80, C (L H) CH(L,N) DL, 3), 30 N
X ¢ e .
CC(N),CE () ),:Lélu) E E( I R R BRI R R T AT R R RE

D
c--snvi co pbrnzxou CN CL AND CL SYS WITH MOLAL WORK DOVE IN OPTSYS—=——-
F (ITFX .32. 1) GO TO 50
IF (ITFX .2 GG 10 10
CALL PCLES (N,NM,3,AA.¥,3,L,C,PR,2I,D1,D2,JCF,SC)
1 MATRICES FOR RESIDU

¥,
c---------------goa; L T,

10 DO 20 I=1

20
20 lA(I J)==6(x J)
DO 3 I=

BRI
I -
36 1'
30 cu(r.a Vack )*c«: K)*aa (K J}
CALL YINV 5 Q.AB,8,L00,01,52
DO 40 I=1,}
Dg 40 d=1,3
NI J)’
a9 22 o é(r J) +2A(I,K) *B (K, J)
+
50 ccéri«bz
DG 50 I=1,1
DO 60 _J=1,L
IF (ITF .§E. 3) caLL 2E30S (I,J,IPDPW,N,NM,a,AA,N,3,L,C,0,E8,CC,CP
VeETeE e Rl P8Pl res o (1,9.8,3c7,8,38,0,0,28, 27, 288, 38, T, 1)
e o Wle e gl etly sloy [ R ¥ I ’ [
60 Siudthiae ’
BETURN
END
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SU3ROUIINE POLES m .‘u‘! A,432,2,6,L,C,EVB,EVI,D1,02,JCF,SC)

ISELICIT BEALSS (A-H. a
DIMENSION \,a u),AA(N LB(N, %) ,C(L, %) ,EVB(N), 2VI(N),D1(%) ,D2(H) ,J
1CE N} SC
go 10 1=1,§
DO 10 J=1,y
AA LI, J)=A(L,d)
CALL BALANC  (NM, 4,20 ,L0%, IHIGE,D]
CAIL ORTEHES (Nm,N,L04,IHfcaA, 24,02
CALL ORTRAN (NE,N LOW IHISH 43:22,sC)
CALL HCR2 43.,N,Ldﬂ.IﬁIGH.Aﬁ,EQB.;VI.SC.IERR)
Ir (1732 e ¢y 62’10 30
CMLL BALBMK (3¥,9,L0%,IHIGH,D1,8,50C)
HRIZZ (6 (40)
persd (_‘ 3) EVR (I} ,EVI (I)
tadi -~ PR
RETUEN
4RIIZ (5,60)
BETURN

- B > P " D D Y —— D —— - D -, 4P W W P = -

FCESAT (/// 298 *r LEWITIATOR 'IUuNVALUnS.,/)
4 13136 4 +d (213, 6, 18))
RHAT $u faxdus 13" ada2, S tutiveng POLES)
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SUERQUTINE ACQOHMP (N,3M,3,8,C,F)

%iﬁxé“xsré‘iaﬂﬁﬁ' N ,E(N),C(W
DO 10 I=t,n1 ' e
1 39 “Z’ J?'i:‘a B{I)*C (3 /4
3 1,0 = -B (I W/t
|} aéguax (r,J) I} Y/
END
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FUNCTION SCL (¥,3,C)
’ DIIEasIoR ANy .o
i SCL39). .
} DO_10 I=1,¥
. 10 sCr=sci+ciDn *3 (D)
RETUIN
ENC
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17 (DABS (ER(I
BRI(3) =CE
I=1+1
WRITZ (6,190)
BBT (3) =S4
Iag+1
WRITE (6
GC TO 30
100  X=I+3
Gc'TO 30
C-=~=-COMPUTS REPEAT
117 TCONTINUE
KT=L+K-1
NN=9
00 130 J=I,KT
NE=NN+ 1
ass#s)-zzno
D0 12) JJ=d
120 RESéJ)sa
130  CONTINUE
I? (12T .EQ.
Nu=
PRI(1) =T1
PET (2) =82
PRI {3) =BLANK
Esr*u =BLANK
DO 140 J=I,X
WBITE {6,1 0
140  NN=NY+
GC T0 30
150  I=KT
G0 To 30
160 COBTINUE
SETURN

)) oLT. 1.D-10) FRT(2)=BLANK

ED REAL POLE RZSILUE ANLC FRINT OUT ALL K OF THEN~-=-=--

KT
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IF {L 3¢, LOR) 3C TC 60
s=n BS(H i- 1 L=-1)y+04BS (H(L,L))
.EC. 0.30C) S=308HM
4DABS(H(L,L~I)) .LZ. 4ACHET * 35) GO TO 0
50 c01 INGE
P Y "D " D A W ——— - FO"H SHIFT——- ———————————————— - wranwman - - - - -
60 =4 (2N, )
IF (L .zc. EN) GO TO 200
Y=H (NA,NA
=B {EN,NA)*H (N2
I (L +2C. VAl sc r 21
IP (IT5 JEQ. 30) GO TO 240
IP (ITS .NE. 1C .AS8D. I7S ,NE. 202 GC 70 30
Cwem — FORA ZXCZETIONAL SAIAT===m=m=ee= —————— e e———
T=TeX
CC_ 70 I=LCW,EN
70 HUI,D) =0 (1 .§) -2
S=CABS (H (EA, Na)) +LABS(H(NA,EN®2))
X=0.7500%S
§==0.41
5
o ------

éR * 5 - upéu¢u+1 S U (B, a0 1)

'101 301
$=h
s-naaS(ﬁ)oOABS(c)'cnes<a)
pag/s
=
8 3
3 .2Q. 1) 60 10
B Baasla 4,8-1)) . ABS(Q) + DABS (B)) (LE. SACHEP * DABS (o)
17» {DABS (H(NZ1,3=1)) b Z) ¢ Ba g S(H(3¥1,4+1)))) GO 10 10 _
90 CONTINUE
190 5527?521 P2, EN
=
uéx.x-2£=3.365
IP (I .EC. 3P2) GC TC 110
AT :-3an.ono
110 CcoNfrvu
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zz=335511)/znozz
GC TO 200
199 az=aa}rxg
AT=9T{IT
ZD=DC3PLX$R!“2 + AL**2 - QH%%2,-2.D0 REsOY)
ZN=DCADLY (3ES (II+1 )‘AI-RES(II)*ﬁE.HE 11)# 1)
22222+ 20,20
23% B0 (K) 23D (R} +DN1# (2Z9DCOYIG 22)
2 S =2SD (R} + {22*p (
338 &3afLaEre !
Corweamraccwe mreccnr e aveencnevae(; |l ccaccscnnacccrecnccucr et cr cr e ccar o =
DO 24) I=1,N2
DO 240 J=1,%0
sT=0.00
DG 230 K=1,4S
230 ST=S7ex(I,%) *FEGE (K J)ox(x,vs»x)-ye E(K,J)
200 Gvd J)=5t o
CALL'RARENT (N2.2,40,9,GV,4,°(9(1Z, 12D13.6)) ")
Cemmacmormsemcac-0EBGG ASCYE, 1002 EHAE L NOISEmmmmmmmommmmn ceecmees
DO 300 I=1,%0
DN1=DNCRM*R (I I}
IF (IY0 .EQ. § CANL. IPT .2Q. 1) WFITE 370 L
TP {IYU .ZQ. 2 .ANC. IPT .5Q. 1} WRITE s,
JIF ﬁ%“eéciél,c“LL 35SID (I,L,V¥ J;",NC,uI,uL {Y,a& %I,ats,
» X
¥ (rz&.zq.z& CALL RESID (I,L,¥2,JCP,5C0,GY,NL,4U,4R,9I,755,
1 aB,CC,IBT)
po 290 K=1,30
22=DCPLX (§.CG,0.L0)
Qr=i (K)
2% 242 Iy 3¢ 2sc, 260
250 zcsécnéLX(Lwa(Ii),oﬁ-wx(zx))
22=22+RES(II) ,2D
GC To 270
26¢ azsga{II;
AT=dI{II
ZD=DCAPLX (RE**2 + AI#%2 ~CN®##2,-2 [0 #RE*ON)
ZN=0CHELX (RES (1X+1) ¥ 4I-RES (LT} $RE,R2 S (IT) *04)
22=22+ 28,10
270  CONTINGE
IF }Izu .EQ. 2 .CE. I .NE. L) GO TO 280
BSC(K) =PSC(K) +CN 1
280 RS0 (K) =2ED (K} +D¥1%(22¥DCONIG (22))
290  CCNTINUE
3000 CONTINUE
ir? (I73 .EQ. 1) WBITE 6,390; L
Sarte 60840 Y T Bsd ¢ h 1= 1530)
v L] ed= U,
310  CONTINUE
EETURN
320 CONTINUE )
CALL EEEXIT (NZ,EA,IERR)
c RETURK
330 PORMAT (,,41H SUBSECUBNT PSD IS NORMALIZED 5Y 2EAS %0.,I3)
340 PORNAT (7,508 SUBSECUENT 250 IS NOR¥ALIZED BY 2R0CzSS foIse wo.,13
350 1kggg£§2§/3ea 3anu=r£a PUNCTION PRCH EEOC®SS NOISE ,I2,3R TO, 138 NE
360 FORMAT 3652 Xzansres PuncTION PROM FROCESS NOISZ ,I2,3H TO,98 CCN -
|4
370 1523;:1 36 TRANSFER PUNCTIOS PROM MEASUREMENT ,I2,16d TO MBASUS®
380 ‘roaanr (+36H TRANSFER PUNCTION PROM MEASUBEMENT ,I2,12H TO CONTHCL )
390 ' PdRAAT ‘{1“& PED CP COTPUT,I3,328 FCRCED 8Y ALL NOISE-(34D PREQ,.
11388088t 1220 EsC)/)
400  FOREAT (15 pEp Lf CCHTRCL,I3,32H FPORCED BY ALL NOISE- (RAD FREC,
1IN ad itz eE 2SC)/)
410  FORSAT (u(1X, 1B(,E11.4,18,,E11.4,1H) ))




Cstsssst:mt::::::tsssansasasassa:::sa:as 2T SRR RETISIZITIETEISRNITIIRNIZIT =

SUBRONTINE EREXIT (H A, IERR)
C EREXIT RETURNS THE BER oF IBB SIGENVALUE WHERE HQR2 =
C FAILS, THEN STOPS THE PROGRA =
C:::aass:masas:ssa:ss:sa::a:a:s::x-:::::=====z===sa=a=========:=:====

INTEGEE IIRR
DISZVSION A(N.H)

MESTE (5, EBR
Eé%ﬁg? GNT (n NN, 9,A,4,'(9(1X, 1E013.6)) *}
10 FQEAAT (354 FAILURE IN HQR2 ON EIGINVALUZ No. ,IJ)

124 {
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cn.as:zaz AR RS S E T AR T R R R S S R RS EEE TR S S S IR ERTILTIIET SIS ISTEI IS

SUBROUTIEERRDBEAL (AMSR)

BEAL*
c INTIZGER CCGWT
COUNT=0
10 CONTINUE
COCNT=COUNT+ 1
LF éCOUNI .LT.3) GC 1TC 20
WRITE J
GO TOQ 49
20 CONTINOE
READ JS,‘,BHDSJO »ERB=30) ANSR
RETOR
30 REXIND 5
WRITE {5,50)
GC TO 10
40 CONTINCOE
c STOP
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. 10 CONTINUE
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IF_(COBIT.LT.3) ¢ 7 20
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20 CONTINUE
AEAD (5,%,5NC=40,ERR=40) IANS
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50 CONTINUE
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223 IWE I IEIWT T TEIRI IR T T IS SILITIRS SATS SRR TEBRIT TS IA=I T ILZ AT
SUSROUTINE RDCHRR (T ANS)
INTEGEBR CCUNT, IAY

¢ DATA TY/0¥'/, iz/'h'/
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10 CONTINGE
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I? iCOUNT.LT 3) Gc TC 20
FRITE (S ,60)
GC TO 40
20 CONTINUE
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BETUR
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REITE" (5,50)
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30 CONTINOE
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